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U. S. NAVAL AIR ENGINEERING CENTER

FOREWORD

A Foundational Research Program was initiated at the U. S. Naval Air
Engineering Center by the Bureau of Aeronautics in May 1959 and has had
continued support by the Bureau of Naval Weapons. The Program supports
the Navy's general policy that Research and Development Activities
directly control a portion of their research capacity to exploit new
ideas related tc their fields of interest.

At the NAVAIRENGCEN, Foundational Research is defined generally as
research to develop knowledge useful in the current and future development
of systems, weapons, and components; to establish the feasibility of
applying new ideas; or to foster the creative productivity of the Center
Staff in military problems., Normally, this research includes basic
and applied research up to the stage of indicating that normal development
and application may be successfully undertaken. However, no restrictive

or ironclad definition of research has been indicated or even considered
desirable.

The Foundational Research Program endeavors to provide:

l. A stimulating research and development atmosphere conducive
to the formulation of new concepts and ideas;

2. Continuing programs of research which will establish a
reservoir of knowledge that can be drawn upon for the solution of
immediate and long-term naval air problems;

3. Opportunities for preliminary investigation of the more
speculative problems unsuitable for study under specific task assignments;

b, Flexibility of operation which will enable programs to be
started or stopped as deemed appropriate by NAVAIRENGCEN.

This report gives a brief summary of each task undertaken during
Fiscal Year 19f5. Of the twenty-six tasks in progress during Fiscal Year
1965, twenty-five have carried over into Fiscal Year 1966,
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RESEARCH ON THE STATICS AND DYNAMICS Ok riliDS

FRIEDRICH O. RINGLEB

BACKGROUND .

Former investigations under the same title (see reference 1/)
deelt with the following topics: Studies on vortex motion, flow con-
trol by standing vortices, sir'flow over the deck of an aircraft
carrier, control of stack gases using standing vortices, flow over
blast deflectors, the geometry of flow in general and others. A result
of the early studies on vortex motion was the development of the three
dimensional smoke tunnel of the Naval Air Engineering Laboratory, which
served as a powerful research instrument for most of the later investi-
gations under the Foundational Research Project No. 1.

OBRJECTIVES.

The successful solution of problems, as discussed in the foundational
research reports 1963 and 1964, automatically lead to new problems and
investigations, which formed the objectives for the foundational research
project No. 1 during the year 1965. Particular attention was paid or
intended to pay to:

Continued investigations on carrier airflow,

study of scale effects influencing the streamline pattemrms
of smoke tunnel observations,

flow visualization in water by dyed longitudinal vortices,
flow visualization in two phase flow, and,

studies of air entrairment in water.
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ACCOMPLISHMENTS .

(1) Control of airflow over an airciaft carrier.

The three dimensional smoke tunnel provided the possibility of
studying the airflow over an aircraft ~arrier, and esvecially of finding
the origin cf the dangerous air disturbances met by landing aircraft near
the stern - called the "burble." The moving carrier influences the air
above the water like a low aspect ratio air plane wing influences the air
beside the fuselage. In general, a wing tip vortex forms, wvhich results
in a rotation of the air on the down stream side of the ship, unless the
aerodyramic angle of attack between the ship and the air flow is zero.

In the latter case, the distortion of the airflow over the carrier is
smallest. The flow is then similar to the almost pamllel flow over a
ridge. It is this case which ylelds the most favorable conditions for
landing aircraft.
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FIGUME B AIRFLOW OVER AN ATRCHAFT CARRIER PARALLEL TO CANT'D DECK AXIS.
ISLAND TURNED SO THAT NO TIP VORTEX IS PORMED.

FIORE he LIIE FIOURE 3 WITH TITANIUN TEFRACNLORIER ASENE ZAMATING FRON
TIP SNOWINO THE MAKE OF T™X ISTAND.
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In order to obtain this case, the landing operation must be carriesd
out under zero aserodynamic engle of attack between the carrier and the
resulting airflow over the carrier. This can be achiev+i Yy turninrg tne
island into a direction in which the wind, which 5 assumed tc vte paraliel
to the axis of the canted deck, forms a zero aerodynariic angle of a’ tack
with the ship. Smoke tunnel observations show that the nose cf the
island must be turned about one half of the angle %etwe=n the ship axis
and the axis cf the canted deck, toward the canted dezk axis in order to
obtain the proper position (see Fig. 5).

In order to demcnstrate this amazingly simple solution of a
perticularly serious problem of Naval Aviation, s simplified streamlined
aircraft carrier model is shown in the three dimensiona! smoke tunnel
(see Figures 1 through 4). The streamlining, espezially of the island,
clearly shows tre essential features of the oversli I.ow, not disturbed
by the confusing influences of many little protuberan-es. igure 1
shows the carrier airflow under a wind direction wi.ion is atout parallel
to the axis of the canted deck. Here the isiané has tke ~onventional
position parailel to the ship axis. The airflow zcwrztrear of the
island shows the effect of the wing tip vortex. The s.r is rotating
around a horizonital exis. This can be reccgnizez ty ohserving the smcke
lines incoming from the left within a vertical plare under an angle of
about 11° with the symmetry plane of the carrier “ull. Dowunstrean of the
island these streamlines beccme spirals, and wind around the core of the
wing tip vortex (shown in Figure 2) by Titanium tetrachioride smoke
emanating from the wing tip. The figures 3 and 4 correspond to the Figures
1 and 2. However, the nose of the island has now beern turned (about 5°)
toward the canted deck axis until the wing tip vortex disappeared, and
the flow over the deck became almost undisturbed. The veil of smoke seen
in Fig. 4 indicates the wake of the island.

This method °f removing a severe disturbance of the airflow rear
the stern has been accepted by BuShips for appiication at the new carrier
CVA-68. 1Its iclard wiil have & vertical plane of svmmetry under a non-
zerc angle with the ship axis. It also will have a rounded nose in crder
to reduce the widtr of its wake, schematical v shown in Figure 5 {compare

-~

also reference Z/).

<he resuils 0! these investigations wi.l be presented by the principal
investigater under the title "Effects of the Configuration of an Aircraft
Carrier or S%artirg and landing Aircraft”, at the F.f% Annial National
Conference on Evir. nmental Effects :n Alrcraf and Propilsicr Systems at
Princeton, N. J., Septerter 135.

(2) Scale effezts or. streaml.ine patterrs.

t nas been gJuestioed {requently whether the mode. cbtservations in

the smcke tunnel L. ler a rather moderate Reynisliz amter sonvey a true
picture of the fiow (orresponding to a very high Reyrocids rnumber, as in
the case ¢f the airfi->w over an aircrauft carrier. ince this quest! o is

important tc the appiication of almost all smoge tunnel ctservations,
it has beern made the ctjective of a separate experimental anld theoretica.
study. In particular, the question has teern studied ir how far the patterrm
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of the streamlines of a viscous flow depends on the scale. Thecretically,
it can be shown that there exist steamline patterns of real, i.e. viscous,
fluid flows which are independent of the Reynolds number. For instance,
in a two-dimensional duct whose boundaries are two of the stremamlines

¥ = constant

vhere §é'=r 6’6{’/7'f‘4534§4.7 1ﬁ—‘C'gb’)

(% & polar coordinates, A, B, C constants) and //3"/ is a function of 2~
which satisfies a special differential equation of fourth order and proper
boundary conditions, the streamlines (logarithmic spirals) do not change

with the Reynolds number. In the case of other solutions of Navier-Stokes

equations they do, depending on the circumstances. A paper discussing
such solutions is being prepared.

In the following, some examples of an experimental investigation of
the same question are included, consisting in a comparison of the stack
gae patterns of the CVA 59 (Forrestal). Figures 6 and 7 show two corre-
sponding stack gas petterns-full scale and of a smoke tunnel model.
Figures 8 and 9 show two other corresponding patterns. These examples
demonstrate sufficiently, that under certain circumstances and by proper
scaling of the boundary conditions, full scale properties can be predicted
very well from smoke tunnel observations at much smaller Reynolds numbers.

A paper containing the details of thie investigation is also being
prepared,

(3) Water tunnel for flow visualization.

It was intended to develop and construct a gravity water tunnel for
flow visualization, somewhat similar to that of Office National D'Etudes
et de Recherches Aerospatiales in Paris, but with increased performance
on the basis of the smoke tunnel experiences. Due to sickness of the
principel investigator for about three quarters of a year, this project,
the project on visualization of two pbase flow, and the study on air
entrainment in water, had to be postponed for a considerable time. These
projects are now underway and will be continued during 1966.

FUTURE PLA™NING.

In additicn to the projects on flow visuelization in water and in
two-phase media, also theoretical studies on cavitation, alr entrainment
and air lubrication are planned, depending on the progress of the flcw
visualization studies in water.

REFERENCES .

1/ ®. 0. Ringleb, Research on the Statics and Dynamics of Fluids, The
Foundation Research progrem at the Naval Air Engineering Center,
Philadelphia, Pa., August 1963 and August 196k4.

2/ D. Johnson, Airflow investigations on Model Aircraft Carriers,

Royal Aircraft Establishment (Bedford ), Technical Note No. Naval 59,
June 1963.
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MECHANISM OF THE LUBRICATION OF METAL SURFACES WITH SOLID FILMS

MARTIN J. DEVINE

BACKGROUND.

The operating environments for space vehicles and missiles include:
nuclear radiation, low pressures, oxidizing media and temperatures rang-
ing from epproximately minus 460°F to plus 2800°F. Analysis of lubrica-
tion research being conducted by Government and industrial laboratories
covering greases, oils, gases and solid films indicates that the inor-
ganic solid films developed by the Aeronautical Materials Laboratory
(AML) offer the greatest potential for solving many problems of space
lubrication. 71t should be noted that a hydrodynamic component exists in
the mechanism of lubrication for oils, greases and gases. Accordingly,
existing rheological theories can be utilized effectively for many de-
sign purposes involving these lubricants. Since viscosity is not asso-
ciated with gsolid films such theories cannot be applied. Further, many
factors which characterize important parameters basic to solid film lu-
brication have been uncovered only recently. These factors include:
lubricant particle size, metal pretreatment, lubricant-bearing reactiv-
ity and surface asperities. To date, there is no complete quantitative
definition relating the effectiveness of the solid film lubricant to
thegse factors.

The specific aim of the program is to determine the mechanism by
which metal surfaces are lubricated by solid films and to provide a de-
finitive working theory.

OBJECTIVES.

Based on current Aerospsce Industries Association estimates for
space vehicle iubrication needs by 1970, and also on inquiries from mis-
sile manufacturers and bearing -~ompanies concerning solid film lubri-
cants, it is considered that inorganic solid films may be the only satis-
_J factory lubricant for many of the applications to be encountered. Ac-

cordingly, the results of a program which provides the physico-chemical
mechanism of lubricicy for solid films would eccelerate the design of
the optimum iubricar:-bearing system. The work to be carried out under
the program is to establish and define principles and scientific laws of
solid film lubricstion, and aid in establishing tte basic technology of
solid film lubrication.

ACCOMPLISHMENTS.

As a result of studies per.ormed from the -eginning of this project
to the last annual report (30 June 1964), a number of scientific accom-
; plishments have been achieved: e.g. (1) the reservoir theory for solid
L lubricants was postulated and established; (2) the interdependence con-
cept for lubricant, bearing geometry and bearing composition was defined,
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and (3) the synergistic effect for molybdenum metal and metallic sul-
fides was established. In additijon, the effect of vacuum-temperature
environment was explored for inorganic solid films.

Exploratory work conducted since 1 July 1964 has continued in four
areas in an effort to provide a range of information pertinent to solid
film mechanism and characteristics. This work is summarized as follows:

1. The study of internal and external changes for solid film lu-
bricants under dynamic conditions of wear. A motion picture utilizing
a stroboscopic technique provides for visual observation of blister
formation and rupture in bonded solid film lubricants and burnished 1lu-
bricating films.

2. The effect of liquid abrasion in the preparation of metal sur-
faces for solid lubrication. Five different grit compositions covering
a wide range of particle size were employed to study the effect of wear
characteristics for solid lubricants.

3. Experiments to determine the posaibility of establishing a
general equation to describe wear of solid lubricants and the contribu-
tion exhibited by the different phases of the wear process.

4. Wear characteristics at cryogenic temperatures.

Since the laboratory program covering the latter research area has
been completed, details are provided below. Extensi'e data has been ob-
tained for two of the remaining three areas; however, additional experi-
ments will be required to project the findings. A detailed report
will be prepared upon completion of test ruus.

A. Solid Film Characteristics - Cryogenic Temperatures. It has
been shown that cryogenic fluids exhibit lubricant capabilities for
bearing svstems with a short term operating interval. The limitations
of such fluids in maintaining extended performance were established by
using liquid oxygen as the source of lubricant in experiments conducted
by AML, and in low temperature motor operation using liquid nitrogen in
tests initiated by Naval Research Laboratory  Accordingly, it was con-
sidered necessary to develop knowledge covering the wear life and fail-
Jre process for inorganic soiid film lubricant exposed to sliding and
rolling bearing surfaces at temperatures in the range of liquid helium,

1. The operatior of a motor cooled to cryogenic temperatures
requires a lubricant material exhibiting a minor or zero change in vis-
cosity with decrease in temperatur2, which eliminates the use of known
fluid or grease lubricants. It should be noted that the miniature ball
bearings associated with a synchronous motor were designed specifically
for conventional oils or grease. An analysis of the operating environ-
ment and bearing geometry imposes the following requirements on the lu-
bricant:
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&a. No deterioration when subjected to extremes of tempera-
ture producing different dimensional characteristics for the substrate.

b. Provide extremely low torque values over a tempersture
range from -450°F to 77°F.

¢. Resistant to mechanical abresion.
d. Minimize friction and wear.
e. Capacity for being deposited in & thin adherent film.

2. it was also considered important, ba d on economic con-
siderations, to explore a lubricant system compatible with the available
miniature bearings. An inorganic solicd film lubricant derived from
Naz 0:S107 (1:2.90) binder and lubricacing solids composcd of molybdenum
disulfide and graphite, was selected for the i{nitiai runs. This lub~i-
cant was the subject of a previous study and was found to exhibit the
following characteristics: thermally stable from -300°F to +1000°F at
760 mm. Hg, resistant to nuclear radiation (gamma dosage = 5 x 109r),
coapatible with liquid oxygen and stable in the high-vacuum region.

3. In preparing the lubricant, MoS) powder and graphite powder
are mixed in a besker. While stirring the mixture thoroughly water is
added slowly. Continue addition of water, stirring to insure complete
wetting of the powder mixture, until a pourable slurry is obzained.
(Note - An excess amount of water will result in separation. if separa-
tion is observed, the mixture should be discarded and a second prepara-
tion using fresh constituents started.)

4. The pourable slurry is added to sodium silicate solution
with stirring to obtain a uniform sprayable mixture.

5. The means devised to utilize solid film lubricants in ball
bearings consisted of:

a. Disassembling the miniature ball bearing.

b. Applying the solid film tc retainers and races.
c. Curing the solid film.

d. Reassembling the bearing.

6. The assembled bearing is then subjected to rotation at
several hundred rpm. Loose adhering particles of lubricent are removed
by subjecting the internal areas of the bearing to & stream of nitrogen
gas. The solid film lubricated bearings were then placed in the motor
assembly and subjected to the low temperature-vacuuam environment. The
successful performance of the test bearings, as reported herein, further
establishes the capabilities ¢f solid lubricants for antifriction bear-
ings.




7. The utilization of solid film lubricants in high speed
miniature ball bearing applications is a relatively recent advance in
the science of lubrication. Accordingly, not enough is yet known
about the wear pattern encountered with such lubricants in ball sliding
and rolling. Oxidation or other chemical degradation of liquid lubri-
cants is a frequent cause of failure of oils and greases; however, the
inorganic lubricating solid present in the solid film under investiga-
tion is, by comparison, more oxidation resistant and thermally stable.
Therefore, it is hypothesized that ball bearing failure is due to the
removal of the solid fili by the continual rubbing action of the ball
in contact with the lubricated surfaces. Prior to break-in, the lu-
bricant film has a dull bluish-gray appearance; after break-in, the
surface assumes & shiny metallic appearance in the wear zones of the
ball-race and ball retainer contact. This difference is shown in
Figure 1. Eventually a complete removal of film by mechanical action
allows metal-to-meta. contact. resulting in failure of the bearing as-
sembly.

8. The first set of tests were made with Mo3,, graphite and
sodium silicate lubricated miniature bearings that had only a nominal
0.0008 inch clearance. The tests were successful in showing that the
bearing would operate, and by careful selection, would run continuously
in excess of 160 hours in liquid nitrogen.

9. Since the internal radial clearance of the test bearings
ranged from 0.0001 - 0.0008, it was considered that significant limita-
tions would result for solid film lubricant performance.

10. Miniature bearings having a 0.0008 inch radial clearance
were then obtained for additicnal runs. This reduced the rejection rate
from 3 out of 4, to less than 1 to 10.

11. Continuous life tests on the latter bearings gave results
in excess of 400 hours under the same test conditions. Lubricant
deposition technique improvements provided for continuous operation in
excess of 700 hours. At this point, the test procedure was changed to
provide temperature cycling and to simulate on and off operation. In
one long term cycling test, 900 running hours were obtained.

SUMMARY .

A. Publications - Thirteen technical publications and five reports
have been completed to date:

"Inorganic Solid Film Lubricants," Journal of Chemica! and Engineering
Data, Vol. 6, No. 1 (Jan 1961)

"Dry Film Lubricants Research," Bureau of Naval Weapons Bulletin No. 3-60

"The Lubrication of Bsll bearings with Solid Films," Amcrican Society of
Mechanical Engineers ASME 61-LUBS-11, Mayv 190l
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"The Effect of the Chemical Composition of Metals and Lubrication by
Solids," American Chemica! Society Publication, April 1963

"Antifriction Bearing Design Considerations for Solid Lubrication,"
American Society of Mechanical Engineers ASME 63-MD-43, May 1963

"Naval Air Material Center Lubricants Research" (Motion Picture),
Nov 1962

"Solids and Solid Lubrication,'" ASLE, 12th Annual Lubrication Course,
Mar 1964

"Molybdenum Disulfide Diester Lubricating Greases,'" Journal of the
National Lubricating Grease Institute, Vol. XXVI1, No. 10 (Jan 1964)

"A Review of Aerospace Gearing Research," USAF-SWRI Bearing Conference,
Mar 1964

"Naval Air Engineering Center's Solid Lubricants Program,' BUWEPS
Bulletin

"Aromatic Polyimide Compositions for Solid Lubrication' Luorication
Engineering, Vol. 20, No. 6 (Jun 1964)

"Solids and Solid Lubrication" Lubrication Engineering (Jan 1965)

AML Report No. NAMC-AML-RS-7045/7, 15 Dec 1959, Mar 1960, Jun 1960,
Sep 1960, Dec 1960

B. Presentations - Twenty-four technical presentations, each by
invitation, have been made to sixteen technical societies.

C References by Other Investigators - Over !00 references to the
work under this program are contained in various technical reports,
papers, journals, etc.

D. Reviews of Program - Work in this program, has been the subject
of eighty reviews by technical publications, engineering literature, etc.

E. Requasts for Reports - The interest of the military, industry,
universities, etc., in this work is shown by their requests for copies of
progress reports, publications, etc. Approximately 350 organizations
have received these reperts, including twenty in foreign countries.

FUTURE PLANS.

Laboratory work to be conducted in the near future wil: include:

1. Characterizing surface effects tchemical and phvsical).
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2. A study of basic relationships for chemical reactivity, crystal
properties, physical constants and lubricant wear characteristics.

3. Factors pertinent to lubricating effects for self lubricating
solid sections: e.g., mechanical stability and wear rate.
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THE ROLE OF OXYGEN 1IN THE BRITTLE FRACTURE OF METALS

EDWIN S, TANKINS AND MARSHALL K. THOMAS

Background.

A considerable amount of discussion concerning the thermodynamic groper-
ties of dissolved oxygen has been presented in recent reports.l/ 2/
Previous and forthcoming publications contain detailed dJescriptions of
the apparatus and associated electrical system,3/ 4/ 53/ 6/ and the
method of gas analysis.l’

As a result of a joint effort between E. S. Tankins and Prof. G. R. Belton,
Metallurgy Department, University of Pennsylvania, a paper was recently
submitted 8/ which describes a model that appears to predict the thermo-
dynamic behavior of dilute solutions of oxygen in liquid metals. It will
take avhile to analyze all the systems, but in all the checks made, the
agreement 18 excellent between the predicted and the experimental

results., 1t appears that the model will make a significant contribution

to the solution theory, and will enable metallurgists to make reasonable
estimates o  thermodynamic properties of the systems of interest to

them.

The thermodynamic studies sre¢ important in understanding the activity of
oxygen in solution and being able tu control the oxygen in solution.
Specimens with controlled oxygen can be subjected to a series of tests,
wvhich will enable the researcher to underszand what is happening in the
metal.

Within the last few vears, there has been considerable interest in the
deformatior mechanisms of the bodv centered cubic metals. They are
characterized by an increasing strength and strain rate sensitivity with
decreasing temperature, and a characteristic transition te: . erature from
ductile to brittlie behavior. Interstitial impurities alsoc have a
significant effect on this transiticn temperature.

These basic mechanisms are all related to each other, and several modeis
kave been propcsed to explain the low temperature strength charucter
istics of the bodv centered cubic metals. At the preser’ time, elther
the Peierls-Nabarro Force or the norn-conser.ative meticn of ;ogs 18
considered the rate controlling mecharism for plastic deformation.

Within the iast vear, the role of the irterstitials i1n the deformation
and fracture provess 1n bodv centered cubic metals has heer stuodied at
the Aeronautical Mater:ials Laboratorv »v investigating the correlation
between interstitial contert {(cxvgen, nitrogen, and carbeon' and strerg:th
ir high purity zone refined crvstals of Cb and Ta of controlled
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orientation, given different zone refining trew.tments and impure poly-
crystalline Cb and Ta. Testing was accomplished over a range of
temperatures from 4°K to 600°K in simple tension.

In addition to strength, the activation volumes and activation energies
were also meacured by strain rate cycling at a constant temperature and
thermal cycling at a constant strain rate. The equation for calculating
the activation volume is developed by first considering deformation in
terms of a thermally activated process, where a dislocation overcomes

an energy barrier by a combiration of applied stress and thermal
activation. This can be expressed by an Arhenius equation:

‘ (H - w Ta)/kt

Ei = Ae

= Strain rate

= Applied shear stress

= Activatior energy

= Lbd = activation volume
= Frequency factor

» T u;jR Y-

Differentiating the above equation with respect to ; a at a conscant
temperature and assuming no change in the energy barrier as a function

of a, the following expression is derived for determining the
activation voiume:
€ dn €
v = KJ (Jy ! 2)
al'dz

Differentiating the above expressior in respect to T at a constint strain
rite and assuming no change i1n the energv bar.iert’

Ak (1‘1,7-;2 - '1'2/7‘:1)

1, Tl

B =

The results of this studv of the ac.ivaticn volume, activation energv and
deformation behavicor are in goud agreement with those of other
investigators 'nd are discussed in mere detail in a paper to be submitted
for publicarion. 9/

Uhjective.

une objective will be to find a workible model which will permit reason-
able estimates to be made of the thermodvnamic properties of dilute
constituents in multicomponent svstems: the primarv objective ~f the
protect 1s Lo determine the effect of oxvgen on the brittle fracture
characteristics of iron, columbium, tuntalum. molvbdenum, and tungsten,




The information obteined will aid in expanding existing models or develop
new models which will explain how interstitial elements such as oxygen
affect body centered cubic elements and lead to brittle properties. The
project is also concerned with fractographic studies which will give

some correlation between gas conten , orientation, and the fracture
surface. The over-all purpose is to gain a clearer insight into why
metals are brittle in th:> presence of such impurities as oxygen.

Accomplishments.

The accomplishments prior to 31 July 1965 have been listed in detail in
earlier reports. = %) The important contributions in these reports are
the number of papers published, the overwhelming evidence that Henry's
Law is obeying all of the systems investigated, and that the existing
dilute solution models were not adequate to explain the experimental
results. T, - model that is being proposecd 8/ will reduce the existing
confusion,

Since 31 July 1965, the nrincipal investigator has:

(1) Zone refined molybdenum, columbium, and tantalum in an electron
beam zone refiner which was designed and built by Mr. Marshal: K. Thomas.
Columbium rods have been zone refined by induction heated zone refining
methods.

l (2) Shown that there is a correlation between rate of speed in zone
refining, number of passes and gas content.

' (3) Shown that there is carbon pick up with very slow speeds due to
| back streaming from the diffusion pump.

(4) Shewn a correlation between orientation and impurities on twinning
and work hardening.

(5) Participated in a round robin gas analysis of refractory netals
for the Material Advisory Board.

(6) Submittead two progress reports.

(7) Been author or co-author of four papers presented during the ysar.
Published the following papers:

(8) E, S. Tankins, J. F. Erthal and M, K. Thomas, Jr., "The Thermo-

dynamic Properties of Dilute Solutions of Oxygen {n the Liquid Binary Cu-Ni
Alloys,” Jnl Electrochem Soc., 1965, Vol. 11¢, No. 4, p. 446-450.

(9) E. S, Tankins et, al., "The Activity of Oxygen in Liquid Iron-
. Molybdenum and Iron-Tungsten Alloys," scheduled for publication in the
; ASM Transsctions Quarterly, September 1965,
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(10) Submitted four additional papers for publication.

Future Planning.

During the next year, the emphasis will be on the zone refining of pure
metal and alloys. The mechanical properties of the pure material will be
studied. Then the pure metals and their alloys will be subjected to
controlled oxygen atmospheres and the mechanical properties as a function
of oxygen content will be studied. Single crystals of Cb and Ta have been
prepared of controlled orientations. These are being studied to see what
effect speed of zone refining and number of passes has on mechanical
properties, This will also allow us to see the effect of orientation on
mechanical properties, Plans are underway to run fractographic studies
on the various refractory metals that have been studied. Plans are also
underway to prepare Mo and W for the same type of studies.

References,

1/ "The Foundational Research Program at the Naval Air Engineering Center,"
Philadelphia, Pa., 1963, p. 46-47,

2/ 1bicd. 1964, p. 21-25,

3/ E. S. Tankins and N, A, Gokcen, "Solubility of Oyxgen in Delta I1ron,"
Trans ASM, 1961, Vol. 53, p. 843,

4/ E, S, Tarkins, N, A, Gokcen, and G. R, Belton, "The Activity and
Solubility of Oxygen in Liquid I.on, Nickel and Cobalt,'" Trans AIME,
1964, Vol., 230, p. 820-827,

S/ E, S. Tarkins, G. R, Belton, and N, A, Gokcen, "The Thermodynamic
Properties of Dilute Solutions of Oxygen in the Liquid Binary Alloys
Fe-N1, Fe-Co, anc Ni{-Co," submitted for publication.

6/ E. S. Tankins ind G. R, Belton, "The Thermodynamic Properties of Oxygen
in the Liquid Fe-Ni-Co Ternary Alloys," submitted for publication.

7/ N. A, Gokcen and E, S, Tankins, '‘Vacuum Analysis of Metals for Oxygen,
Nitrcgen, and Hvdrogen," Jnl Metals, Aug 1962, p. 584,

8/ G. R, Felton and E. S, Tankins, "The Thermod,namic Behavior of Oxygen
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publication Trans AIME.

9/ M. K, Thomas, Jr., and E. 5. Tankins, '"The Effect of Temperature and
Orientation on the Yield and Flow Stress of Columbium and Tantalum,”
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A STUDY TO DETERMINE THE OPTIMUM SYSTEM
FOR BOTH EJECTION AND NON-EJECTION TYPE SEAT DESIGN
FOR_THE ATTENUATION OF HIGH G VERTICAL FORCES
WHICH RESULT FROM HIGH IMFACT LANDINGS OR CRASHES

CLIFFORD C. WOODWARD

BACKGROUND .

The problem of spinal injuries to pilot and aircrewmen as a result of
high impact landings has been well recognized for a number of years, and
is on the increase for both ejection and non-ejection type aircraft, It
is also a fact that various energy absorption devices are available to
sttenuate these high ¢ vertical forces:s However, today's sircraft are not
flying with energy absorption (E/A) built into the seats, since there is
insufficient informmtion concerning tire behavior of the systems under dy-
namic crash-type loads to determine the optimus system and its proper de-
sign into the seat structure,

In order to obtuin that informatiom, this investigator proposed the
construction of a 150 ft; vertical drup tower, with a umique method of
arresting the seat and car through etongation of fully annealed stainless
steel straps. The deceleration forces obtained would sisulete essentially
a4 square wave pattern resembling crash loads in magnitude and time duration,
and would provide & relatively inmexpemsive wethod of ocbtaining reproducible
crash-type loads. The device was constructed at the Asrospace Crew fquip-
ment Laborstory (ACEL) and was completed in September 1961, with finsal
acceptance in Jamary 1962, The verticsl drop tower, being of unique
design and construction, required extensive catibretion tests and estab-
lisheent of instrusentattion und photogrsphic setup and recording methods,
before the actual work on this project could be initisteds Following a
period of operation from acceptance of the drop tower until early 1964,
it became obviocus timt the breking system wvas limitedy Although it did
provide the designed crashetype iloading; it did not provide the positive
control of accelerstton and variation in smali increments of G required
for conducting live drop tests sufely on the tower, Without tits capaebil-
ity it was not posstbie to deterwime the effects of vertical loedings on
the human vertebra; and to correlaste between humans and snthropoworphic
dummies for extrapetation in the high G region where only dummies can de
utilized, Therefore, in April 1964, a contrsct was let to convert the
primary braking system frow the stuiniess steel straps to ome designed by
Van Zelm Associastes; consisting of vartous combinations of dies and metal
bending elements: This breking system allows positive control of sccelere
ation and variation of Gis in incrementy ss smell as 1 G, from S G up to
S0 G with the present drop car, and 100 G's with a redesigned car. Con-
trol is sufficient to allow live testing on this fecility, The braking
device was completed ‘and calibration drops wade, resulting in final accep-
tance in March 1963,

OBJECTIVES.

e: To determine systems and ssterials that can be nsed svet effectively
o attenuate to & tolwrsdble liwit the vertical forces {mposed by high fmpect
landings or crashes, in both ejection and non-ejection type seats,
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b. To determime thw effwcts of various G lvsdings on the human verte-
bra, and to show more clearly the mechanisws rssponsibie for spinal injury.

¢. To determine the correlation between numans and anthropomorphic
dusmies when subjected to crash forces; for sxtripoisttion in the high iw-
pact region where only dummies can be utilized;

ACCOMPLISHMENTS .
A. Syssary to | July 19¢én A liwited muwber of 20 G drop tests were con-

ducted, using the furwer braking system on ar &/A system designed by
Aerothera Corporation for helicopter =nd tru.sport type seating. Perform-
ance of the E/A system was determined by drupping two 1dentical seats at
the same time, one with and one withoat the E/A system installed., Results
indicated that the seat structure was wesk in several load carrying members
which must be designed properly so chat the E/A system will function.
However, this particular design i{s not sn optiwmm system, as double the
static design load ts required to stsrt it wovirng; due to inherent friction
and torsion in the swvat members ard the force Tequired to overcome the
inertia of the massy Approximately 5C millisecomds of crash attenuation
by the E/A system is sufficient toc preclude bottowing out and consequent
overshoot of the losd into the seat occupant;

B. From ] July 1966 to 1 July 1965r Foliowing completion of the mew Ven
Zelm braking system in September 196%4; a number of calibration drops were

conducted prior to scceptancer One fzilure of & 40 G strap elament required
investigation and resulte? {n closer material cortrol, with a later change

from black iron to fully annesled stuinlews steely Final acceptance of the
new braking systam occurred in March 1965 following a final 40 G calibration

drop.

An E/A systes, consisting of a fully unmested stztniws steel strep and
slider mechantss aw dewigned for the FP7bUe3 wjwction sesaty wes weunted on
an F7Ue3 seat and drop tested on 5 My 1965 under & 35 G crash condition,
The seat and cer were fully imstrumentedy The £/A system iv so designed
to elongate ard absord wnergy sbove 20 Gv A fatlure of somw of the seat
compornents prevented setisfectory ovperstion of the E/A system, As the
F7U=3 seat is obsolwtw amd therefore difftculit to cbtsin, an Ae Douglas
seat wvas substituted and the systew wodifiwd for compatidbiiity. A 4O
drop wes conducted on 17 June 1965; thre results, ss shown in Fig. 1, shov
energy attenustion frow 39 G, w5 recorded un the verticst rails, to 26 G
in the dummy's chest cuvity, for = pertod of 46 wiliiseconds umtil the E/A
system bottomed outy The crash loading was sppltied for a longer period of
time than that for which the vystem was designed, to show the effect of t/n
while functioning and when bottomed out. The fluctuation of the {nstrumen-
tation trace recorded on the vertical rails is a result of the vibration
and flexure of the rails during decelerstion, and camot easily be elimi-
nated without losing performance dets. Correlation with high speed photo-
graphic interpretation will perhaps supply the amswer to better recording
analysis,.

FUTURE PLANS.

During the next fiscal year; it iz plarmed to dwterwine the BE/A charec-
teristics of other systems presentiy availasdle for dHoth ejection and nome
ejection type seat design for attenusting high G vertical forces, When




~—

enough data has bewn obtuined on the vertous mwthods snd wstertsis svail.
sble, it should be puswidle then tov deterwine = systww which will best
perform the function of B/A in the varivus types of sest dwsign, both ejec-
tion and non-sjection: Also, it ts planmed tov conduct u controlted series
of live and dummy drops together at the tower decotwratton iowds to corre-
late for prediction of -hussn rescttons at the higher C*s whare only dunmies
can be used. The sffect uf the verttval crash type forces on tha human
spine, particularly 1w the neck srea; will be studied through high speed

phiotogrephy for use in crash type rewwarch and dumay siwviation of homan
response.
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THE PERMEATION OF SALT WATER THROUGH ORGANIC PROTECTIVE COATINGS
USING RADIOACTIVE TRACER TECHNIQUES

ALFRED L. GLASS

Background

The Navv Department is conducting extensive research prograns to develop
barrier materials and organic protective coatings for minimizing deterioration
caused by corrosion. Since organic coatings and barrier materials are mem-
branes, they may be permeable to air, water and various electrolytes in solution.
Therefore, the laws of diffusion and electroendosmosis may be involved in the
mechanism of permeation and the resultant corrosion. 1ln order to develop more
efficient barriers and protective coatings, the mechanisms of permeation through
these films must be more fully understood. Previcus investigations did not
determine the quantities of permeating materials, since they were either too
minute to be measured accurately by analytical chemical means, or were in forms
that did not lend themselves to ordinary analytical techniques. However, with
the advent of radiocactive tracer chemicals and techniques, a direct approach
is available, in which micro quantities of a tagged chemical may be accurately
determined and even followed through processes under envircnmental conditions
similar to those that exist when such matarials are in use.

Objectives

The specific aims of this program then are: (1) to use radioisotopes to
establish fundamental data on the mechanism of salt water permeation through
organic protective films; (2) to investigate the effect of incorporated resins,
pigments and corrosion inhibitors on the permeation; and (3) to apply the radio-
active tracer techniques to obtain accurate fundamental data concerning protective
coatings used by the Bureau of Naval Weapons.

Accomplishments

A. Prior to 30 June 1964

Radioactive tracer procedures have been developed and evaluarted for
measuring the rates of diffusion of the chloride ion, sodium ion and water
molecules through membranes /473’

Emploving these methods, determinations of the rates of diffusion of
these ions and water were made for eight films representing tvpical protective
coatings ar’ barrier materials used by the Bureau of Naval Weapons for corrosion
protectior. Experimental work was performed t> investigate the effect on ionic
diffusion of variocus factors, such as the concentration of sodfium chloride in
solution and the thickness of the film. A detailed analysis of all the diffusion
data indicated that an additional factor beside pore diameter and size of hydrated
fcns is involved in the mechanism of diffusion through a membrane. This factor
is the concept of ionic charges appearing upon the wallis of the oores of a mem-
brane as a result of the hvdrolvsis of certain groups which are a part of the
polvmer molecule, Thus, a membrane can be perm-selective in that ions of the
same charge as that on the walls of the pores are prevented by electrical repulsion

B, At SRR e —
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from permeating through the film, allowing only the ions of opposite charge
to pass through. It was further demonstrated that the permeation is charac-
teristic of a Fickion diffusion process for which the simplified equation
q-= ___2%5__ is applicable, where:

q = the quantity transferred in time t

D = the permeability constant (diffusion coefficient, g. hr‘l, sq.cm’
A is the cross sectional area of the film and

l is the film thickness

l, mil™ D

The permeability constant D may be calculated from the above equation by
substituting the experimental values for q and t when a steadv flow has been
reached.

B. Subsequent to 30 June 1964

The effect of a pigment in a protective coating on the diffusion of
ions through a film was investigated. The rates of diffusion of the chloride
ion and the sodium ion were determinead through free films prepared from the
formulations shown in Table 1. The experimental results are also inciuded in
this table. An analysis of these results shows that the rates of diffuesion
for both ions decrease as the quantity of pigment increases. For each formulation,
the relationship between the measured rate of sodium ion diffusion and the theo-
retical rate of sodium fon diffusion (calculated from the measured rate of chloiide
ion diffusion) remains unchanged. That is, for the epoxy polyamide films, the
measured rate of diffusion for the sodium ion is always greater so that the charge
on the walls of the pores remains negative. The opposite is noted in the casc
of the acrylic nictrocellulose lacquer film where the charge on the walls of the
pores remains positive. From these observations, it is then concluded that the
Ti0, pigment in these protective coatings diminishes the flow of fons through
the filns by acting as a barrier in blocking the pores, and has no effect on the
hydrolvsis reactions affecting the charges on the walls.

The radioactive tracer procedure for the determination of the diffusion
of water through a free film is described .4 This procedure was used to deteramine
the rates of diffusion at various time intervals, through neoprene, acrylic-
nitrocellulose, and epoxy pclvamide free films. The rzsults are tabulated in
Table 2. These measurements were made to determine the possibility of obtaining
informaiion concerning the structural changes that may take place in an organic
protective coating exposed to water. The data in Table 2 for each film were
examined statistically. It was found that for each film, less than 30T of the
values exceeded the standard deviation., This indicated compatibility with the
Gaussian curve for which the predicted vasiue for the probability of observing
an error greater than the standard deviation is 31.7% of the observations. Thus,
ft is shown statistically that the individual vaiues {n each set of figures deo
not vary from that for a one day oxprsure time to that for s 40 day period,
indicating that any "swelling" aciion that water might have on these films does
not affect the "geometrv" of the pores for should there have been an effect,
it would have resulted in either an increase or a decrease in the rate of 4if-
fusion of water.




RATE OF DIFFUSION OF WATER THROUGH FREE FILMS AT VARIOUS TIME INTERVALS

P.ce of Diffustqg_g;hr°l sq. en ! mi17!
Elupsed Time Nitrocellulose Epoxy Polyamide
Neoprene Film Acrylic Film Film

1 day 1.01 x 1073 2.90 x 1074 1.25 x 1074

3 days an-e .n-- 1.27 x 10-4

4 days 1.00 x 1073 2.95 x 1074 1.27 x 10°%

6 days 0.87 x 10-3 - -

7 davs ~a-a e-n- 1.31 x 10°%

8 days cee- - 1.39 x 10°%

11 days -e-- 3.05 x 14 1.46 x 10-4

15 days cecn 2.3 x (-~ .-

16 days .- cen- 1.37 x 1074

20 days 0.88 x 103 cee- e

21 days 1.10 x 10-3 aee- —e-

22 days ---- ceee 1.15 x 10-4

23 days - .e-- 1.58 x 10°% .

25 days -e- 3.15 x 1074 e |
1

27 davs 0.99 x 1073 3.45 x 107% e

29 davs - .- 3.20 x 1079 e :

30 davs 0.95 x 1073 cee- 1.3C x 10 4

31 davs - ‘een 1.22 x 1074

32 davs ae-- 3.10 x 10°4 e

35 aavs S 3.05 x 1074 1.27 x 107

36 davs .- —e-- 1.31 x 10°4

40 davs .10 x 1073 3.25 x 10°° (.29 x 1079

TABLE 2
___ﬁ.......m.....,'_.».‘ ———— B e




&

Future Plans

Investigations will be made of the mechanisms by which slightlyv water
soluble corrosion inhibitor pigments incorpcrated in a film affect the rates
of diffusion of chloride and sodium ions.
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APPLICATION OF POTENTIOSTATIC AND GALVANOSTATIC TECHNIQUES
TO THE STUDY OF INTERGRANULAR CORROSION 1IN
HIGH STRENGTH ALUMINUM ALLOYS

MRS. SARA J. KETCHAM

Background.

The effect of metallurgical factors on the electrochemical behavior of
high strength aluminum allcys is a subject of great interest in
connection with the use cf these alloys for naval aircraft. The most
serious types of corrosion encountered are exfoliation and stress
corrosion, both of which are due to preferential attack along grain
boundaries.

Intergranular corrosion in the aluminum-copper alloys has been generally
attributed to the depletion of copper from areas adjacent to grain
boundaries during slow cooling following solution heat treatment. The
depletion is a function of the free energy of formation of precipitates
at the grain boundary and the diffusion of constituents to the grain
boundaries. Both are dependent upon temperature, and the amount of
depletion should, therefore, be a function of the quenching rate.

With this as the basic assumption, a comprehensive study has been made
of the mechanism of intergranular corrosion as it is related to quenching
rate, and the relationship between intergranular corrosion susceptibility
and stress corrosion susceptibility, The effect of quenching rate on
corrosion potentials, degree of intergranular corrosion susceptibility
and microstructure in the commercial alloy, 2024, was dgtermined first.
The experience gained in that study led to the conclusion that for any
real understanding of basic mechanisms, it was desirable to go back to
an Al-47 copper binary material and add one element at a time in order
to determine the effect each addition had on the precipitation process
and on the electrochemical behavicr of the alloy, Experiments have been
conducted to determine the effect of quenching rate on susceptibility

to intergranular and stress corrosion for an Al-47% Cu binary alloy and
an Al-47 Cu-1,5 Mg ternary alloy.

To facilitate study of the electrode kinetics of reactions involved in
intergranular corrosion, an electrochemical model for an Al-Cu-Mg alloy
susceptible to intergranular corrosion was assumed. This consists of
(1) homogeneous solid solution in the center of the grain represented
by the ternary Al-Cu-Mg alloy cold water quenched, and therr€ore, not
susceptible to intergranular corrosion; (2) the precipitate AloCuMg
(referred to as the S phase in the Al-Cu-Mg equilibrium phase diagrams);
and, (3) a depleted zone at the grain boundary represented by pure
aluminum. Potential and polarizaticn data were obtained on these three




phases separately, and results of the cooling rate-corrosion potential
experiments interpreted on the basis of this model,.

Objective.

The objective of this investigation was to determine the effec: of
metallurgical factors on the electrochemical behavior of structural
aluminum aircraft alloys, using potentiostatic and galvanostatic
techniques, The ultimate aim was to learn more about the mechanism

of intergranular corrosion in hopes of devising methods to avoid or
minimize it.

Accomplishments.

1. Prior to 30 June 1964

a. The relation between quenching rate, corrosion potential, and
intergranular corrosion susceptibility was determined for the commercial
2024 aluminum alloy in the solution heat treated and naturally aged
condition., With decreasing cooling rate, corrosion potentiais hecame
more anodic and intergranular corrosion susceptibility became more
pronounced,

b. The kinetics of the depleted zone represented by pure aluminum,
was studied in NaCl solutions. Effect of variations in chloride ion
concentration and pH was included. Based on the results, a theory was
presented that the corrosion potential of aluminum and its ailoys is
believed to be a function of the type of halide and its concentration,
as well as the activity of the bssis metal. The rate of corrosion 1is
believed to be controlled by the cathodic limiting current for the
reduction of hydrogen, which is a function of the locel hyvdrogen ion
concentration and the oxide film thickness.

c. Experiments relating quenching rate and corrosion potentials with
intergranular corrcsion susceptibility have been repeated on hkigh purity
binary (Al-47 Cu) and ternary (A1-47 Cu-1.5% Mg) allovs. The Al-Cu-Mg
showed the same dependence of intergranular corrosion susceptibility on
quenching rate as did the commercial material, and the same co:relation
with ccrrosion potential measurements. The binarv Al-Cu material showed
little or no susceptibiiitv to intergranular corrosion except at very
slow quenching rates, and no correlation of corrosion potentials with
quenching rates,

2. From 1 July 1964

a. The relationship between 1intergranular and stress corrosion
susceptibility has teen determined for the binarv and ternary allovs 1in
neutral and acidified salt solutions. Electron transmission microscopy
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studies have also been completed. Results., .n seutral sol.l.ions, are
presented graphically in Figure 1, and can be summarized as toliows

{1) The binary Al-Cu alloy is susceptible to stress corrus.on
cracking when slowly guenched, even thougn ccrros.ion pot.ntials ard
accelerated corrosion tests indicate little ¢r no susceptibility 10 ;
intergranular corrosion, 2nd the structure evinces very little sign of !
preferential precipitation.

'2) Ine siowly, guencned rternat, aiid, 185 ex.iefely sSuScep.in.e
to intergranular corrosion - as results of accelerated Curcos.on lestLs,
and potential measurements would indicate. Ine application ot stress
accelerates the intergranilar attack '

(3) Intermedia-e quenching rates can proddce SLIeSS COrrosion
cracking in the ternary alloy wnen, as w..n tne birdr, atlo,, resaits
of accelerated corros:on tests, potential mecsurements, and degree of
precipitation indicate = ver;, slight propensity cowa:rd iniergranatial

attack.

In other words, tnere is no ind.cation Of :ne exisience OL an) COnRtiNlu0u$

anodic paths withoutr s*ress. Stress seems actidlly to iniricle tne '

intergranular attacs, providing Strong SJuppoit ILr .ne -heur, ot Hoar i ‘
and others, of the electrochemical efrfect of stress 2¢ s85-o2lled Stra.un

induced depolarization,

b. In acidif:ed salt solut:ons, -.mue to tailure wes decreased D0y 4
factor of ter.

P

c. Potentisl -nd polarization experiments 31 (Ne S€pai=le pn=ses
indicated that potert.al differences between tne pnzscs 1le Rreat ernvagn
to aliow for the tiow of tairly large galvaric curien.s providing tne
phases were behaving as independer: electiodes as -~ssumed by _ne
electrochemical mcdel. The valia.., of the mudel w-s proved exper.ment-
ally by polarizing a siowl, gieiched sSpecimer 4l a pCie...al Wi.oi
should cathodically protect two dhases and anod.call. dissoive inNe gra.n
boundary areas. Results are given in F:gure . Attdack was produccd ¢t
grain boundaries and otnher areas remdined Jaittaiked

d. Chemical inhomogeneity tnerefore .s uadoubltedl, respoiis.Ole tot 1
intergranular attdack in siowl. g.encned AL-Cu-Mg alio s, Dut 3J0es 0t

account for intergranular fec.li.res .0 material w.'a fdsler uencnung

rates. An electrochemicatl mechar iSm L1OT LNLS reQuires (Ne exislence of

a small anode area in relation to that of tne caihode. so (fa. hign -nodic '
current densities can pr:oduce 4nd @ ontain nignl. loczlized 2ltdek and

acidity. A possible sequence of reaciions 1s pioposed delow l

(1) Attack o1 crack 1n1t:4ation under stress .n eitner neutral or
acidified chloride solutio.s conceivadbly couid De Jue (0 straining and

-2 -




RESULTS OF POLARIZING C-RING SPECIMENS OF Al-Cu-Mg AT

-.750V IN NEUTRAL AND ACIDIFIED* ,2N NaCl

Type of Attack

Quench pH of
Quench Media Rate Condition Electrolyte
Boiling Water 17°C/sec Unstressed 6.4
Boiling Water 17°C/sec lInstressed 1.5
Boiling Water 17°C/sec Stressed 6.4
Boiling Water 17°C/sec Stressed 1.5
Alcohol 659C/sgec Unstressed 6.4
Alcohol 65°C/gec Unstressed 1.5
Alcohol 65°C/sec Stressed 6.4
Alcohol 65°C/sec Stressed 1.5
Cold Water BOO°C/sec Unstressed 6.4
Cold Water 800°C/sec Unstressed 1.5
Cold Water 800°C/sec Stressed 6.4
Crld Water 80NcC/sec Stressed 1.5
*pH adjusted with conc. 4,50,
FIGURE 2
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rupture of the oxide film at weak points, such as grain boundaries. Once
started, attack will tend to continue downward along grain boundaries,
producing crevices,

(2) Work by Lorking and Mayne 2/ and others 3/ has provided strong
evidence that the corrosion product in neutral chloride solutions 1s
aluminum chloride., Oxygen would not have read, access to the crevice,
and the formation of aluminum chloride would contribute to localized
acidity making film repair difficult, Ulti-ately, the cathodic reaction
in the crevice could change from oxygen reduction to hydrogen ion
discharge.

(3) Stern's ¥ work points to the possibility that the cathodic
area increases as the hvdrogen ion activity increases (possibly caused
by greater hydrogen adsorption., and a decrease in the anode area results
Uhlig 3/ indicates that for metals of fairly high hydrogen overvoltage
such as aluminum, the discharge of the hydratec hydrogen 1on is apparently
the slow step:

HY ---) H (ads) - e-

Work by Bockris and others 6/ shows that stress .r a stee! membrane
increases the surface coverage of hydrogen atoms. A change, then, of
the cathodic reaction within tne crevice to hydrogen ion discharge and
an increase in the hydrogen coverage by stress, could decrease the anode
area producing the necessary conditions for a high arodic current
density at the root of the crevice, promotirg intergranular penetration.

e. To summar.ze, as a result of this investigation, a theory nas
been proposed to explain intergranular stress corrosion failures in
presumablv non-susceptible Al-Cu-Mg alloys. pbzsed on the electrochemical
effect of stress which 1s believed to b tne result of strair induced
depolarization of the anodic phase or phases and stress induced 1increase
1n the surface activity of hvdrogen 1ions.

f. There are also several practical implications of this work

(1) Accelerated corrosion testing of unstressed specimens has
been shown to pe inadeyuate for predicting service behavior where parts
will usually be under a stress.

(2) Initiation ot 1ntergranular attack and rate of pene:ration
proceeds much more rapidly in acidified salt environments thar in neutral
salt environments. Since the corrosion environment of an aircraft carrier
provides rot only salt sprav but also some sulfuric acid formed from the
sulfur in the stack gases, consideration should b pgiven to the possibil-
1ty of incorporating a neutralizing substance into the water used to
wash down aircraft while on carrier duty.
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g. Three progress reports and two papers have been published to
date. Two additional papers have been presented and will be combined
for publication in the near future,

Future Planning.

None. Project terminated as of 30 June 1964, At the time this work was
initiated, little use had been made of potentiostatic techniques for the
study of intergranular corrosion in aluminum alloys. Since that time,
their use has been growing steadily. It {s believed that use of
electrochemical techniques to study stress corrosion and hydrogen
embrittlement in high strength steels is more in the interest of the
Navy, at the present time, than to continue investigation on aluminum
alloys which appears to be receiving adequate attention elsewhere,
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SHERWIN J, KLEIN ond MALCOLM M, COHEN
Backaround.

The Aerospace Crew Equipment Laboratory (ACEL) is engaged in a variety of
programs involving the development and evaluation of personal safety equipment
for the naval aviator. Much of this equipment has a psychological as well (3
physical impact upon the user. How much of an impact is not always known
because of a paucity of reliable criteria with which to measure it. Even
where the fact of an impact is known, its effects upon precise motor performance
and/or instantaneous decisions required in high performance aircraft cannot
be determined easily. The present program was undertaken with these problems
in mind.

Previous observations have indicated that conditions which induce stress
in human subjects are associated with concomitant increases in tne tensions of
skeletal muscles. It has also been observed that when tensions in muscles are
increased, their electrical activities (Muscle Action Potentials or MAP) are
'ikewise increased. By definition, then, muscles are said to be ''stressed'
whenever they are active above their normal basal levels. Therefore, it can
be postulated that the electrical activities of active skeletal muscles are
functionally related to the state of tension or ''stress' in the muscles. The
MAP can be picked off the surface of the skin with electrodes, amplified, and
analyzed. Thus, MAP can be employed as an operational measure of the increased
m.scle tensions associated with stress-inducing conditions.

The tension 'n skeletal muscles can be induced in a variety of ways. Any-
thing that induces tension in muscles is termed a ''stressor.'' Stressors which
have been employed in experimental settings may be divided into two broad
categories -~ the physical and the psychological. Physical stressors include
direct muscle loading, muscular exercise, thermal extremes, reduced oxygen
intake, and a variety of other conditions in which physical vaeriables are
altered to produce elevated levels of MAP. Psychclogical stressors include
mental effort, feelings of failure, and a variety of internally-generated anxieties
resulting from stimuli which the individual believes to be a threat to h!s
physical or psychological welli-being. An important aspect of the program is
to examine the functional relationships between the physical and the psycholo-
gical stressors, and to attempt to determine whether some sort of functional
equivalence between these two classes of stressors can be established with
respect to their mutual effects upon performance.

Although in a theoretical contexi, other investigators 1], 2), 3]. have
suggested that the relationships between muscle tensions and performance may be
a function of the means by which the muscle tensions were induced, Klein 4}
has obtained actual experiment 2-idence that the relationships were less
dependent upon how the tensic. 5 (as measured by MAP) were induced than upon the
specific aspect of performence which was measured.

e — --:mm—.—— et :?——-‘_i




Certain stressors have been studied experimentally; however, functions
relating stress (as measured by MAP) to various kinds of stressors may differ
widely. The purpose of the present program is to expiore more fully, both in
kind and in extent, the functional relationships between stress and various
stressors and, where possibie, to obtain functional relationships between
stress and performance.

Based upon the preceding theoretical and empirical considerations, a Motor
Theory of Stress was developed. The theory, in part, asserts that: (i) the
MAP of musculature involved in any given action is a function of level of
systemic stress during that action, and (2) irrespective of how induced, the
directionality of the relationship between MAP anc any given measure of
performance is uniquely defined. A schematic diagram of our theoretical frame-
work is presented in Figure 1.

A further conjecture was developed foilowing this theoretical approach.
it was hypothesized that not only the absolute level of MAP activity was @
relevant variable in the analysis®f the effects of MA! upon performance, but
that the distribytions of MAP throughout the body might also be of interest,
particularly with respect to changes ¢/ visual perception. Certain stressors
cause relatively greater increases in MAP at one lu.ation of the body than
at another location. Thus, analyses of MAP as a function of body locus may
be of particular value in exploring the effects of these stressors, especially
as they influence visual perceptual functioning. Therefore, a separate phase
of the program is concerned with bio~electric responses associated with visual
perceptual changes.

in addition to the MAP parameters of intensity and location, a third parameter
is also of interest. Since the MAP signal obtained by means of surface elactrode
recording techniques is comprised of the eiectrical activities of many discrece
muscle fibers firing at different rates and with different degrees of syn.nrony
or asynchrony, the frequency spectrum of the MAP signal may also be of interest.
By employing frequency-intensity analyses of the MAP signa!, further :information
concerning the underlying neuro-muscular substratum may be obtained. |f precision
and ''smoothness'' of motor skills depend upon the frequency response character-
istics of the musculature employed in the pe:r formance of ckilled tasks, then
analyses of the typ: outiined above should provide a means of quantifying these
aspects of the muscular activity.

To explore the effects of various types of stressors on the bio~electric
responses of human subjects and to study the relationships between bio-electric
.esponses and their effects upon concomitant motor and mental performance.

Success ir the overall program wi!l lead to: (1) a better operational defi-
nition of systemic stress to include boih momentary and long-term .1 -ses. (2)
the development of a sismple and reliabie stress index; ana (3) the ceve'spment
of a method fc. quantifying and quantitatively expressing the eft:ect: of stress
upon human performance.
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ethod ica e

In order to obtain reliable quantitative data of the type outlined in the
preceding section of this report, two fundamental requirements must be met:
(1) the electrodes employed to pick up the bio-electric signals must be cor-
rectly positioned over the musculature; and (2) the equipment employed for
amplifying and analyzing the bio-elect.ic signals must be of high gain, cf
low internal noise, and extremely accurate.

To meet the first of these requirements, namely that of correct electrode
placement, a series of anatomical studies of skeletal musculature was undertaken.
Following these studies, several anatomical sketches, indicating the loci of
various muscle groups, were prepared in order to facilitate correct electrode
placement. Samples of these sketches are presented in Figure 2.

The second requirement, that of precise and accurate high-gain, low noise
equipment has involved a continual program of development and improvement.
Our present recording and analyzing facility is the result of several years
of development. The facility is pictured in Figure 3, and a flow chart of
its various operations i> presented in Figure L.

Accomplishments.

1 Jy! L. Previous findings indicate that:

1. The amount of energy expended in the performance of a simple motor task
is affected by subjective feelings of success or failure. When the subject feels
that he is successful, he expends less energy to perform a given task than
when he feels that he is failing .5)

2. The amount of energy expended in the performance of a simple conceptual-
motor task (card-sorting by means of a coded finger-tapping task) is influenced
by the subject's estimated probability of his succeeding in the performance
of the task. When $s feel that there is a chance of succeeding in the performance
of a task, their MAP levels tend to be higher than when they feel that there
is no chance of succeeding in the performance of the task .6)

3a. In the performance of an isotonic work task, the MAP is a logarithmic
function of the load employed; also, the amount of work output is a logarithmic
function of the load empioyed .7]

3b. In the performance of an isotonic work task, the MAP is linearly reiated
to the rate of work; also, the amount of work output is 2 linear function
of the rate of work.

3c. Since hoth MAP and work.output are logarithmic functions of load and
linear functions of rate of work, they are linearly related to one another.
Thus, work output is linearly related to MAP both as a function of load ard
as a function of rate of work.

b. In a series of cxperimenis involving isometric work tasks in which

35 squeezed a hand dynamometer at various initial levels until they could no
longer support as much as ¥ of the initial load, the following results were obtained:
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a. The average MAP intensity was a negatively accelerating monotonic
increasing function of the initial load .8}

b. The frequency spectrum of the MAP signal is distributed with a
mode! frequency of between 40 to 60 cycles per second 8], .9)

c. The frequency spectrum of the MAP signal is similar for both the
flexor and extensor muscles of the working arm, although the absolute level
of MAP activity for the flexors is greater than that for the extensors 9J,
See Figure 5.

d. The frequency spectrum of the MAP signal changes as the subject
becomes progressively more '‘fatigued.'' With increased time of isometric work,
the absolute magnitude of the high frequency MAP components diminishes, but
the magnitude of the low frequency components increases 8j, .9) See Figures
5 and 6.

e. With increased time, the precision of performance in isometric work
decreases. The magnitude of isometric contractions becomes more variable,
and hence, more imprecise. Associated with this performance ''decrement'' is
a change in the frequency spectrum of the MAP signals so that higher frequency
components decrease in mean amplitude and lower frequency components increase
in mean amplitude .9]

5. The perception of the vertical is influenced by the relative distribu-
tion of MAP activity on contralateral sides of the body, as indicated by
changes of the left=right distributions of MAP signals obtained from the left
and right sternocleidomastoid muscles of the neck. When MAP activity of the
left sternocleidomastoid is greater than that of the right sternocleidomastoid,
the apparent vertical shifts relatively to the left of true vertical; but when
the right sternocleidomastoid is more active than is the left sternocleidomastoid,
the apparent vertical shifts to the right. This is true whether the imbalance
of muscle activity is due to physically tilting the subject, or whether it is
due to direct loading of the musculature without actually tilting the subject ,10]

ry from 1| July 1964 to | ]

The foliowing experiments were performed since the issuance of the previous
annual progress report on this program .11].

l. Previous observations by the authors have indicated that the frequency
spectrum of the MAP signal is altered by prolonged isometric contractions. The
alteration is such that the high frequency components decrease in mean amplitude,
while the low frequency components increase in mean amplitude. Associated with
these changes in the frequency spectrum of the MAP signal is a corresponding
decrease in the precision of perf-rmance. While it is likely thai t!. ''fatigue"
state of the subject is the relevant factor influencing the change in the frequency
distribution of the MAP signals, it is also possible that the increased variability
in the performance of the motor task is, in turn, dependent upon the frequency
spectrum of the MAP signals. According to this conjecture, then, the performance
of a motor task will be affected directly by the existent frequency spectrum
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of the MAP signals - regardless of how the frequency spectrum was brought about
Thus, the hypothesis could be entertained that with increased precision of
performance in a motor task, the frequency spectrum of the associated MAP signals
would be altered in a manner opposite to that brought about in conjunction with
decreased precision of performance. To put the conjecture in somewhat dif-
ferent terms: |f decreased precision is associated with a decreased amplitude

of high frequency MAP components and an increased amplitude of low frequency

MAP components, then increased precision should be associated with an increased
amplitude of high frequency MAP components and a decreased amplitude of low
frequency MAP components.

The problem, then, is to establish a condition in which the precision of
performance of a motor task can be increased. One such method involves the
acquisition of a motor ski!l through practice, i.e., motor learning.

Each of egight subjects attempted to trace the outlines of five different
geometric forms for a pericd of three minutes with each of the forms while
he viewed both his tracing hand and the forms in a mirror. On each of five
successive days, the subjects practiced the mirror tracing task; at the same
time, MAP signals were recorded from various muscle groups of the working arm.

The subjects were then confined for a period of 34 days, and, during that
period, practiced the same task daily for the same periods of time - without
MAP signals being recorded.

Following the 34-day confinement-practice period, the subjects were again
required to perform the same mirror tracing task for five additional days as
they did before practice; MAP signals were again recorded as in the
pre-practice sessions.

The changes in the performance of the mirror tracing task are shown in
Figures 7, 8, and 9.

The mean number of times that the subjects could trace the outlines of
the geometric forms are presented in Figure 7. As shown in Figure 7, the sub-
jects became progressively more rapid in the performance of the motor task.

As shown in Figure 8, the subjects tended to make progressively fewer errors
as the number of practice sessions increased, although there is a slight rise
in the absolute number of errors during the post-practice sessions (probably
due to the greatly increased speed of performance shown in Figure 7).

Figure 9 clearly illustrates the increased precision in the performance of
the mirror tracing task. Whereas the subjects initially ma“e an average of
1.86 errors per revolution during the first pre-prartice session, the post-
practice sessions were much better - with between .26 and .4l errors per revciution

Figure 10 illustrates the changes in the frequency spectrum of the MAP signals

obtained from the extensor digitorum communis muscles of the working arm both
before and after the 3h-day confinement-practice period.
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As shown in Fiqure 10, the low frequency components of the MAP s gra' - e
L0 cycles per second and below) do not appear to show any significa~t charge -
average erergy as a function of practice. On the other hand, the averagr ereray
of the high frequency components (i.e., above 50 cycles per second; beccmes
considerably higher gfter practice. Thus, the conjecture was partially
supported. These changes in the frequency spectrum of the MAF s.gral suggest
that precision of performance in a motor task is associated with the f eguenrcy-
intensity characteristics of the MAP signals produced in the perfcrmarce of
the task, and that the acquisition of a motor ski!l may ue associates with
increased activity of the higher frequency components of the performing muscles.
Further anc¢ more complete data analysis is currently underway The results of
the more complete data analysis will be presented in a subsequent prcgress repc-*

A additional finding is clso of interest. The total energy of the MAP
signats from the various working muscles sampled in the preceding exper ~ent
was analyzed. 't was observed that the total energy from all working muscles
when taken together was less for the post-practice trials than for the pre-
practice trials. (This is not apparent in Figure 10, which exanined gnly
the extensor digitorum communis., This finding is in keeping with earlier
obser ations .4; Aaditional research is required to elucidate this point furtner

2. = second study involved an attempted replicaticn and verification of
the prev ous findings .10 In this experiment, each of six subjects was giver
repeated tr ~lc in which he attempted to adjust a luminous rod in a darkersd
room until he reported that the rod appeared to be vertical. The cdiustments
were performed under ditferent conditions of muscie ioading in which loads
were suspended from a peimet on tne left sice, the right side, both s3.des, cr
reither side of the head. The rod measured 24 inches from tcp to tottom, ara
was located at distances of 4B, 96, or 120 inches from the subjects. Alth oy,
the data from this experiment is currently under examinaticr, prelimirary nd.
cations are that cu- previcus findings 10; may not be reproducible

3. A third study, derived from previous work 123, , 13, 14, i5i, was con
cerned witn the relationship between the magnitude of a curvature aftereffect
{the amount by which physically straight lines appear to curve when viewed
immediately following previous exposure to physically curved !ires). anc the
magnitude of curvature 'n the previousiy viewed curved fines. Gibson 12, ard
Bales and folianstee 13, have indicated that the magnitude of the curvature
artereffect is not influenced by the magnitude of curvature in the inspected
material (p 2viousiy viewed cur.ed lines). Mowever, these invest.gatcors orly
used single lines U>th as irspe-ted material and as a test line (lire whic»
subject adjusts for apparent straightness) In addition, bo'h G bsor and 3a'es
and Foilansbee tested only at two different degrees of curvat.re in the i spec-ec
material - no continuum of curvature was examined.

Tre current study reqQuire. each of six subjects tu view @ jrating of
optically curved lines through a prism for & period of ten minutes The arou-:
of optical curvature in the inspected material was a8l usted by setting the
dioptric power of the prism at 20, 10, and § diopters base 'eft (trereby op-
tically curving the iircs by di‘ferent degrees conver o the 'eft), at O
diopters power, {thereby not npticaltiy curving the lires), anc at 5, 12, ang
20 ioplers bese right {thereby wotically curving the limes by differenat dsaree”
Convua to the right).  The rescits oary preseste :n Fogyre b
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As shown in Figure 11, the magnitude of the curvature aftereffect is
affected by the magnitude of curvature of the inspected material - a finding
in contradiction to those of Gibson and Balus and Follansbea. Further work
is required to specify the cause for our divergent results. One possible
factor of interest is the scanning motions of the eye as the subject views
either multiple or single curved lines and as he views lines of different
degrecs of curvature. Bio-electric techniques (such a: the electro~oculogram,
EOG) 5) may be of value in this regard.

utyr lans.

The above program will continue to investigate the functional relationships
between stressors and stress_(as defined by MAP), MAP and performance, MAP
and perceptual shifts, and MAP and motor learning.
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1 MASER AS A MEANS OF EXCITATION
FOR THE SPECTROGRAPHIC EXAMINATION OF MICROSTRUCTURES OF METALS

JOHN F, DANOVICH AND MELVIN D. SMITH

Background

Although the exact mechanism of structural failure of metals and
alloys is still not very well understood, segregation of the alloying
constituents {s known to play a prominent part. These segregates cannot
be examined by conventional spectrograp’*'~ means because of the minute areas
involved, inability to control the electrical discharge, and difference in
rates of volatilization, When using tae monochromatic light of the laser as
a means of excitation, the beam may be optically focused on an area as small
as 100 microns in diameter and 18 not subject to many of the limitations of
the electrical discharge.

Cbiective

Examination of metals by light microscope technique using selected
etchants can be used to detect inhomogeneities and phases in the matrices
of metals, and to indicate their relative positions in the specimen. After
thus locating areas of interest, the laser beam can be focused on specific
segregates or phases. Vaporization of these areas by the laser beam can lead
to spectral analysis to identify the constituents.

Employing standard calibration curves and internal standard lines, ex-
perimental work will be performed to establish techniques using the laser beam
as an excitation source for the emission spectrograph in order to perform quan-
titative analyses of the elements present. These data will make possible the
identification of segregates and phase constituents in metals.

Accomplishments

It was previocusly reported that variation of power output in the laser head
made it impossible to perform quantitative analyses. The original laser head
was reple-ed by a redesigned head with a greater power output stability. Sub-
sequently, it was found that variation in power output, other than those occurring
in the laser head, were evident. The objective lens system of the micrcscope,
used to select the target area of the specimen and to focus the laser beam, was
being damaged progressively by the intens{ty of the beam. Figure 1 shows photo-
micrographs of two damaged upper doublets of the lens system. The first (left)
shows the damage after 200 shots and the second (right) after only 50 shots. A
mod{fied objective (shown on the right side of Figure 2) was designed to overcome
this limitation. It has performed well {n subsequent investigations. Figure 3
shows photomicrographs of two subjects taken through the standard objective (left)
and the modified objective (right). This proved that the field of view at focus
was adequate to select the area to be examined.

Qualitative analysis of inclusione in metallic allovs is quite readily
accomplished using the laser probe. Figure 4 shows an inclusion in 4340 steel
(top). In the bottom photomicrograph, it can be seen that this inclusion has been
vaporized by the laser beam. 1t was determined by spectral &...ysis to be silicon.
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CALIBRATION CURVE FOR SILICON IN AW ALUMINUM ALLOY

1.4

1.0 p—

Si
Al

2518 A.
3030 A

™|

Y

LI 1

5A
TABULATION OF CRATER DIMENSIONS PRODUCED BY
LASER ENERGY USING THE COATINC TECHNIQUE
(NO OR APPROX, 2X* OBJECTIVE)

Major Minor M.P. B.P.

Coating [fameter (u) Diameter (u) ©°C oC

Alclad® 3400 2300 659 20%7
420G 2500

Sn-Cd 4800 2i00 Sn 231 2260

3100 2500 Cd 321 787

Cd LBDG 3800 321 767
4300 3100

Cu-Nt{-Cr* 4800 2300  Cy 1083 233%

000 2100 N{ 1455 2900

Cr 1890 2480

N{-Cr# 4800 2306 Ni 14635 2900

4800 3100 Cr 1890 2480

Iron 2300 2100 1535 3000
3100 2500

5°
. 62 -
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As stated {n the ot!ective, the establishment of standard calihra-
curves and interna! standard lines must be mude in order that quanti’
studies «f segragates can be made. This phase of the investipation
accomr'ished. Figure 5A shows a representative calibration curve f.
in an aluminum ailoy using the silicon line 2516 Angstroms as the e
and the aluminum line 3050 Angstroms as the internc! standard line.

1t was determined that it was possible to exemnine metallic coat
qualirtatively with the laser probe using no objective or an approxin
2X objective. Figure SB shows a tabulation of sampling area dimensi
this technique for various metallic coatings.

Future Plans

Work will be performed to investigate segregation in aluminum &
steel alloys, and other materials. The tstablishment of analvtical
for metallic coatings wiil be continued and extended to other 1norge
organic coatings.
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RESEARCH ON CAPTURED AIR

BURBLE TEST VEHICLE

FRIEDRICH 0. RINGLEB¥ & WALTER A. SIMMONS

BACKGROUND .

The Captured Air Bubble (CAR) vessel concept was conceived et The
Naval Air Development Center (NADC) in 1960. The initial theoretical
studies indicated that CAB offered great promise of providing efficient
Ligh speed naval ships over a wide range of sizes and classes. At this
initial stage, discussions with BUSHIPS and Devid Taylor Model Basin
(DIMB) working l~vel personnel were held to ascertsin interest in sponmsor-
ing a resear”u p. gram on CAB. Reaction was generally negative, except
for Dr. P..vey Chap’in of ‘'DTMB who strongly endorsed initiating s progrem.

i Desronse by BUWKPS was more receptive. Iu July 1961 a project was
initiated at NADC vnd NAEC, under the BUWEPS Foundational Research program,
wiih the objective of confirming that the low drag and favorable seakeeping

{ caaractervistice indicated by theory for CAB could be achieved in practice.

Theoretical studies and tow tank model research were conducted during
, 1961 ¢o develop and sBubstantiate smooth water drag theory. Results were
promis‘tg, and in October 1962 the XR-l manned vehicle was started at NAEC.

. in i1ts initial configuration, the XR-1 had "fixed" fore and aft seals

: vhich were suitable for tests to substantiate further the bhasic smooth
vater drag theory. Tests of the XR-1l were started in May 1963. As reported
in reference 1/, the drag data tests vere in good agreement with the
drag predicted by theory, and the turning e~d stability charactertistics
vere satisfactory. In October 1963, a demonstration and program conference
was held for RADM PFawikes, BUWEPS; RADM Browm, BUSHIPS; and representatives
from various technical divisions of BUSHIPS.

During 1964, tests of 1/7 scale XR-1 models were conducted in waves
to develcp compliant fore and aft seals, and to demonstrate basic longi-
| tudinal stability end wave "platforming" capatilities. The limitations of
vhe NAEC linear tow tank facility restricted ihese tests to only "head on"
wave conditions, and no turning or meneuvering model tests were conducted.
‘ In these tests, the mcdels exhibited excellent wave "platformirg” charac-
tertisticz at high model speeds, with )ittle heave and pitch m..ion. The
action of ¢he compliant fore and aft seals in providing this smootl and

‘ stable wave "platforming" performance was graphically demonstrated.

' * During F. 0. Ringleb's absernce due to sickness, W. A. Simmons acted as
principal investigator. He also is essentially the author of this
report.
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In November 1964, the R&D Division of the Maritime Commission
requested performance and basic design data on the CAB, for uee in a
study to evaluate technical feasibility of various types of Surface
Effect Ships (SES) suitable for commercial marine service, and to com-
pare their economic potential. Five concepts were evaluated - Hydrokeep,
CAB, Ram Wing, Hovercraft, and Air Fcil type. The CAB was selected as
being most promising, and a program for development of a 1000 T or larger
CAB cargc transport SES is currently being formulated by Maritime
Administration for submission to Congress.

OBJECTIVES.

Verification of the rough water capability demonstrated by the
1/7 model test was of prime importance of the 1965 program. Major
modifications were made to the XR-1 to provide a suitable test vehicle.
Compliant fore and aft seals and associated hydraulic control systems
were installed on the XR-1 test vehicle described in reference 1/.
Additional modifications included inco.poration of a new TS3 turboprop
main propulsion system, and deeper sad thicker sideboards of increased
buoyancy and stability.

ACCOMPLISHMENTS .

Operation of the XR-1l conducted after these modifications were
of a "shakedown" nature, intended to :heck the mechanical functioning
of the rropulcicii and scal systems and their associated controls. On
8 December 1964, tae XR-1 overvurmed during a starboard turn which was
started at a speed of app-oximately 35 knots.

The basic cause of the capsizing of the CAB XR-1 test vehicle has
not yet beer suuvstantiated firmly. Based on analysis conducted to date,
it is belicved “that thL2 cause was lateral instability of the particular
configuration of the XR-1. due to a dynamic interaction between roll,
pitch, and yaw under the conditions in which the XR-1 was being operated.
The instability extibited by the XR-1 is not considered inherent in the
CAB concept, and can be corrected with appropriate design changes.

A moCei tesi{ and campuver dynamic analysis program wes initiated
jointly with the D™B in early January 1965, to investigate the stability
and control characteristics of the XR-1l configuration. It is anticipated
that the condivions of the XR-1 accident can t2 duplicated and then
analyzed, using model test data in thy computer dynamic analysis. The
model tests have been conducted in the DIMB rotating arm facility during
May 1965. Model tests will also be conducted with various proposed
"fixes", tc develop a configuravion providing ade-uate stabiliity and
control over the range of conditions under wkich the XR-1 is expected to
be operated. It is then plenred to incorporate these "fix<s" and continue
the "manned" CAB research test progrsr.
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FUTURE PLANNING.

1. Tests conducted with the XR-1 from May of 1963 to April of 1964
grephically demonsirated that the CAB concept provided an efficient high
speed smooth water vehicle. It is still extremely important that the
basic concept with compliant seals be investigated to substantiate

scale model result.. Of equal importance is the requirement that adequate
stability be demonstratea for all operating conditions.

2. The design and construct.on of a small test vehicle is highly
desirable to determine modifications that are required to provide
stability and rough water capability. Prior to any further effort on
the XR-1, successful tests of the sr .11 research vehicle is necessary.

3. A sixteen foot research vehicle is presently being designed. Con-
struction oi this craft will be started by mid August 1965, with completion
scheduled Zor early October, 1965.

4. A rotating armm tow facility is presently under construction at NAEC.
This facility will be used to determine flow characteristics associated
with the CAB scale models. Flow phenomena and the motions of CAB
models during turns will be investigated. Results of these tests will
be used to formulate design concept of the small research vehicle.

REFERENCES

1/ Foundational Research Programs August 196k
2/ BADC Report WR-6412 of 13 May 196k
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INVESTIGATION OF NEW CONCEPTS
FOR THE IN.FLIGHT SUPPRESSION OF JET ENGINE NOISE

R. B. BENHAM

Backgrourd

The early work under this projec:; described in the FR annuai report of
August 1964, congisied cf studies on circular nozzles only, This was done
for two reascns. Principa..y, 1t was desired to gain an ingight into the
serodynamic and acousic mechanisms at work in suppressor nozzles. Also, the
large number of nozzles studied and the requirements of model fabrication in
the Aeronautical Engine Labc:ra%ccy : AEL) shop necessitated contours which
cculd be fabri:a%ea quickly ara s:curazely, Overall conclusions resulting
iroxz Lhis work were as fsilows.

Efficient suppression is obtainea in Ine process of momentum exchange between
the jet and *he ambierr. Extended plug suppressor nozzles are basically in-
efficient because & significant par: of the momentum exchange occurs between
the jet and the plug, resultirg in a high drag penal.y. Attempts to exchange
momentum with the amdiert air at the canter of the jet are only effective with
the addition of such quanticies cf ambient sir as are unobtainagble with low
drag flight engines,

It was concluded, therefore that lobed nozzles such as the "daisy" were the
most efficient as suppressore. Attention was then directed toward obtaining
a configuration significan:ly superior tc the "datsy", but not requiring the
use of an ejector which, with present suppressors, must he retrected in flight,

A review of he literature revealed thac previous investigators had surveyed
extensively suzh "daisy" paramezers as:

a. Effec: of rat-<c of lobe width to cthute width
b, Ettect of depth of chutes
c. Effec: of a cercerdody.

However, no studies ‘overing the =ffect of lobe stagger asppeared to have been
sade,

Objectivg!

It was intended. during “he present ‘avestigation, to conduc: pgrametric
studies of the staggered lobe rozzl' to determine the suppression potential
of thie concep:. In addition, {t was planned to test an i{mproved version of
the sulti-lobed. steged mixing nozile discussed in the FY '64 report.




FIGURE 1o REVISED MULTI-LOBED, STAGED MIXIHNG NOZZLE.
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AREA SPLIT =

% OF TOTAL AREA IN /7,
% OF TOTAL AREA IN \\

' DENSITY RATIO = 2 ARE
. /77 ARXE

C. DENSITY RATIO

STAGGERED - LOBE NOZZLE PARAMETERS
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Accomplishments

Figure 1 ghows the revised multi-lobed, steged mixing nozzle. The design was
tested both with and without the points shown. Test results are shown in
Figures 2, 3 and 4. The paremeter Vg ig an effective exit velocity obtained
by dividing thrust by weight flow, VE was not employed in previous nozzle
ccmpsrisons because it requires a more sccurate determination of these quan-
tities then was heretofore possible on the model stand. Cp is a measure of
nuzzle capacity and Ct is basically an indication of efficiency in converting
pressure tc velocity head. The performance curves show neither vereion of the
suppressor nozzle to be superior to the "deisy." However, the flat-topped
specirur of the multi-lobed, staged design, as compered to that of the 'daiasy",
shows hetler suppression of the higher frequencies. Thig type cf balanced
spectrum {8 one of the basic goals of the present investigaticn. Becsause it

did4 nct sppear that the concept was capable of significent development, it was
noet pursued further,

Fizure 5 shows a staggered-lobe suppressor nozzle together with the reference
circular nozzle and & typical 6-lobe "daisy” model. In the parametric studies,
the parameters shown in Figure 6 were varied. The following is a list of per-
tisent nozzle values.

— Parameter*
Area Split L/D Density Rgtio
o 65 |4 55,451 2.5] 4.5] 6.5 . 1,8 2.0 2.2
smbot | O O 1O [+ 1010 X o | O

*Illustrated in Figure 6.

The results of these studies ars shown parametrically in the fcllowing groups of
Figures: Area Split . Figures 7, 8, and 9, L/D - Figures 10. Il and 12; and
irenstity Ketio - Figures 13, 14, and 15, The fact tnat () and (T values for

the reierence cicrcular nozzie lie below those for most of the suppressor rnnzzles
23 not an indication that the latter are unusually effi-fiers, The chotice of a
circular nozzle with a slower teper rate would have mada the rnozzles more nearly
equivalent, bcth {n length and fn performance. Two general conclusinns can be
drawn from the results shown in thege Figures.

a. Staggering the lobes of a "daisy' nozzle has no beneficial effect cn
noise suppreasion, On the contrary, vhen compared on an effective veloctty
basis, the incressed wetted areas of stagpered lobe nogiles gdivinisk the
suppregsicn potential,

b. Staggered lobe nozzies have ¢ssentially the same direcziviiv performance
as 'daisy" nozzles.
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c. “taggered lobe nozzles produce frequency spectrums that are :
balanced than those of “daigy” nozzles. The intent of staggering har
provide the rear efflux with a moving ambient, thereby reducing mixir
at this point. It was reasoned that, then the only significant noise
would be the forward efflux, and 1if this cculd be made a small percer
overall flow, the resultant noise would be greatly diminished. This
successful in that the low frequency generating portions of the forwe
ward effluxes were better mixed and produced lower noise levels than
However, the staggering had a deieterious effect on the velocity of t

duced between the lobes, resulting in greater high frequency noise ge
by the forward efflux.

Future Plans

The studies conducted this year suggest that what is needed is a conf
wherein ambient air is induced into the jet wake without encountering
high- shear jet areas. Conceptually, this could be accomplished by pe
jets, either few in number or else closely spaced, joining to form an
dynamic ejector, as in the ring nozzle tested previously. Nozzles of
might appear as shown at "b" and "c¢" in Figure 16,

A further possibility would be to subject the high frequency peak exp:
with the staggered lobe nozzles to a further splitting, in the hope ti
before, a reduction in level would accompany the frequency shift. At
stage ....~le, as shown at "a" in Figure 16, might produce the desired

1t is customary in both Civil and Military service to ground-run-up fe
in aircraft prior to take-off. In order to lower the resultant noise
acceptabie to nearby airport and base personnel, ground suppressors hs
utilized, However, to date, no such suppressor has been entirely sati
from the dusl standpoints of suppression potential and serviceability.
it is this investigator's belief that the ground run-up suppressor des
posed in the FY '64 annual report may well possess improved performanc
these sreas, it is proposed to test this concept in FY %66,
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POLARIZATION STUDIES OF CORROSION IN NONCONDUCTING
- MEDIUMS WHERE ELECTROLYTES EXIST IN A DISCONTINUQUS PHASE

L. J. NESTOR

Background

Fuels used in reciprocating and turbine engine aircraft will dissolve small
amounts of water which will be thrown out of the fuel into the dispersed free
state by lowering the temperature. For example, a highly aromatic fuel may
throw ou? 3 gallons of water per 100,000 gallons of fuel when cooled from 75°F
to 320F,(1) “This ever-present water results in corrosion problems during the
production, trsnsport, and storage of petroleum-based fuels, Such corrosion

- rauses degradation of ths groun? ?andling tfacilities, as well as compromising
che flight quelity of the fuei.\<

Fuel corrosion problem# are combated by the judicious use of additives meeting
the requirements of the specification on Fuel Scluble Corrosion Inhibitors,
MIL-I-25017. The basic method of inhibitor evaluation is a modification of

the ASTM Method D-665, Test for Rust Prgventing Characteristics of Steam-
Turbine 011 in the Presence of Water.(3) This method is essentially the ex-
posure of a mild steel specimen to a simulated inhitited fuel in the presence
of sea water, and visually notirg the degree of protection afforded by the in-
hibitor. Such a subjective evaiuation, however, provides only a gross estimate
of the inhibiting characteristics of these additives. In addition to the visual
interpretations, the analysis ie subject to error resulting from the irregular
distribution pattern of corrcsion which is inherent in such a hsterogeneous
eystem; e.g. water dispersed in fuel,

Objectives

a. Apply the principles or potentiostatic polarization to determine the basic
v behavior characteristics of cil-socluble corrosion inhibitors.

b. Determine if these characteristic3 are typical of &ll oil-soluble inhibitors,

or 1f they depend upon certain functional groups associated with molecular
stricture.

Accomplishments
a. Pricr to 30 June 1%4

1. A cell was designed specifically for the appiication of electro-
chemical techniques tc electrically nonconducting solutions. In principle, it

18 the snalcg of actual fuel systema, where water exists in the discontinuous
form of suspended droplets. The cell provwides for the suspension of a wetal

e ame e -
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FIGURE ]1- CHARACTERISTIC POLARIZATION CURVES OBTAINED BY VARYING

IMMERSEON TIMES OF MILD STEEL IN 2 p.p-m. N-LAUROYL SARCOSINE

PRIOR TO POLARIZATION AT 0.400 VOLTS(S.C.E.) WITH 0.1 N KCI
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specimer, (1020 Steel) ir tne simulated tuel The <. rrcs: ve elecrrciyte 1s mase
to impinge crto the metal surface under controlled ccraici-rs  Hy mears ¢f a
potentiostat arnd recorder, tie transien't vcltage/currer. de:nsity ~latic-.si'ns
are determired.

2, It was confirmed that *:re current measured was a furction cf tne ccu-
centration ¢f the cil-soluble inhibitor. By relaticg the tctal current versis
inhibitor ccncentration, i1t was possivle tc obuairn eleztrccnemical data that
agreed quite favorably with the minimum eftective ~orcentraticrs determired by
the method epecified in MIL-I-25017.

3. It was deduced from the experirental data, that the transient currert
density values ontaired initially cn contect ¢of the metal specimen by the
electrolyte were more strorgly influenced by tnhe desurpticn of the innibiter
than the electrocnemical man.festations asscciatea with the corrosion process.
With the complications cf corcentration pclariza*ior asd limiting diffr.sioz
currenis reduced t¢ a minimuam, 1t was postulated that “hLe currert ders."y
measurements could be related to the areas of the metal s.rface that wer: free
of adsorbed innhibitor.

b. From 1 July 1964

1. OCne of the major hardicaps that plagued our previcus experiments was
the rather poor reproducibili:y of the current density measuremerts. Aft=r
rather intensive study, the followirg modifications were made:

(a) Reduced t-e size of the cell and iricreassd th. size of the
specimen,

{b} Introduced a specimer. des.gn change from multiple to single face:.
(¢) Maintained electrcde distarces corstart,

\d) Eliminated electrclyte flow, since tnis was creating a velccity
gradiert across the surface cf the specimer.

These charges resulted in a significart imprcvemernt in repeatatility.

<. One of the majcr benefits obtained from tre previcusly listed mcaif:-
cations, was the capability of maintainirg strict centrcl of time in wnlch the
specimens were immersed in the simulatea iahioited fuel, e.g. N-lLauroyl Sarccsi:e
in Iscoctane. By controlling immersion time, :t was possitle to expe:rd the
scope of the entire project. In Figure 1, characterietlic curves are showr wn.c:.
depict the rate-controlling desorption of both the solvent ard/or innibitor
The l-minute immersicn time curve snown is typical ¢f curves wnere nc innibit..
is present, in spite of tne fact 7nav <0 ppm N-Laurvyl Sarccsine was in tre
solution. As tne immersjorn time 1ncreasSed, tne {u.ves sssumed tne crnaracter-
jstic shape assccisted witn a strcngly adsorved irnicitor film.
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3 Mire aceta.ied sulies were thern made, relacirg "ne surface adsorption
cf N-Laurcyl oSarccgrie 1o .mmersic:. time, concentrazion of tne ‘rh.oitor, as
well as surface prspava';c: of the steel specimen  Tr.ese resu.ts are shown in
Figures 2 ara -. "ue specimer surfaces 1rnvestigated were aesigrated "hard-ground”
end "alumina -lastec.” [re hand-grouna specime.s were rather rough ir appear-
ance, having pee: prepared oy Zrinai.g with 2/0 Jarret paper. Tne alumina
tlas*ed spe:.merns were prepacres ty metallcgraphically pclisaiug tre steel to a
mirror finisnh an: wre. scruchirg the surface witn 27 micron alumira particles
in a nigh veioc' -y mitrcge~ stream. Tt waS necessary "¢ 8s:rul ihe surface with
alumira ts remcve *re mascroec water 1ntroducea during "ne metailcgraphic
polisning. By comparirg Lhe ( ppm curves 1in ocoth rigures < ara Jj, 1t can oe
seen that the nara-grouna Sp~~..en adscrts isccoctane more readily than tne
alumina-blasted surface :cwever, by comparing tne 2C ppm curves, It beccmes
apparent that tre ai:mra-tlasted surface is the more active of lhe two to the
irkioitor. [t shouac alsc te - ved trom Figure 2, tngt for &0 ppm ALE, 1t re-
quires 10 *c !, muratey ‘ir maximum aaquptlv" o oceur, witn evern longer
equilibrium -ize for .cw r concer.-ations, "nis pust recessarily cause us to
moaify cur prev.ious 2orn€nt Croejuls Triwd rejuiredents, sirce 1rvestigaturs
in the field gerersliy agr 1 tr2t _ax.muya adscrpt..: occurs 1. tre first few
minutes.

4. 1% wBS pr&;‘\As*v postilatea trat anocdic current couid be related to
areas of tre sieel cperime. (83Kivg a- adscrres flolm. 4 parrtia: .onfirmation
cf this tnecry was a..eq0 Ly permitllng oolrosSiafn Lo aevellip ¢v tne specimen
surface after (ne e. >trocnem.cal polarizatic.., 'nern measur:ng tne perce-?t
surface corrcsicn., Tnese resulils are snowr in Figire . Iy plettin ,
observed percent sirface coircs.orn against immersicn times, showr in Figures
5 and o, furiner ev: je; ce was _.taied wrnicn terds tC corntirm the electrochemicael
data shew: ir Fioore. < s 3

e il s Lr oKkide tormAtior Cro ol lClTCr M3SIUCILU.. were Aalsc
1rvestiga ‘e . .S wes zire <y permotting toe 8Tee. Suriace to e expesed 'cC
ary a.r {1 sary...Z times cellre TaKIng pClBrlcAatilr DE&S.reTentS. nese resclts
Are Sniw. L. F.Z.¢ , wi€7€ 17 8 e Seen tnal oxiZe framtiln of steel is

v e - % - ~ . - - : > AT ) P I o miem 2 -
Certalt 1y 1.mpati..c m.s Sy.erg.StiC wltn N-laurcyl S&:5uls e

8. e natire (U .5 stlay necessicaved torlentratin U erfort oolle ln-

“Auotir - Nolaw. oyl csroosine., Dapiicate Si.iied w..i (e male .. cither lypes

cUoLnnitit ors, f.c. 82 tre 3.0t nates, ! see 1l tlrey te.ave 17 sialiar lasnion
>

[

k. crtasn furtner confirmaticn ot the trecry re.8tl g &LoI.C Turrent Qeis:ii;
L 4 *

1
> arca8 3 adscrpii.r. Jre promisio g otecnriqus 18 Lhe o pper alSplatepernt

met:ncd. ~ {ils mewn.a .s beasec up.c the pricnciple Tnat clpper wiil te
displates {rom & SCiuLT1Cn (! SJosulie@ J.ppsr sa&iTS .al. @ steel surface wnich
“AS O Froteltive 1LSWiB'ing £18Iroed Ulal.
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ADVANCED POLYMER RESEARCH TO DEVELOP POLYMERS FOR {SE IN
COATINGS EXPOSED TO EXTREME ENVIRONMENTS

W. W. HOWERTON

Background.

The increased speeds of Navy and other military aircraft have made
it mandatory to develop coating polymers that will withstand high tem-
peratures and have cther superior performance charactevisties. A4s no
polymers were available, either commercially or from goverume..  research
contracts, to meet these advanced applications, 8 limited polymsr re-
search program was initiated in October 1963 at the Aercnautical Materials
Laboratory to develop such polymers. As one requirement of tuis program,
an engineering oriented approach is beinqg maintained sc that wromlsing
pclymers may be put into production more quickly. Alsc, wnen wossible,
commercially available chemicai intermediates are bein; usad.

Work continues to be concentrated primarily on aromstir ty;® struc-
tures for outstanding heat resistance, and more particulariv with Bic-
phenol A type polyphenyl ester polymers. To date, modifications cf this
type polymer appear to hold the most promise of meeting the many neces-
sary requirements of a high temperature coating polymer,

Objectives.

The principal objectives are as follows:

a. Development of & simp'e interfacial polymerization process that
consistently wiil produce the required high molecular weight polymers in

the minimum amount of time.

. The jmmediate polymer target is the development of a high tem-
perature resistant coating polymer with the fcllowing characteristics:

(1) Ready solubility in relatively non-toxic paint solvent-,
such as aromatics and ketones, and capable, afte' spray-application, of
being usable in a maximum of three days and preferably in one day of am-
bieat temperature air drying.

(2) Solutions miust be of low viscosity for high solids buildup
during spray application.

(3) Resistance to jet tuels and hot jet lubes (2 hrs. at 250°F)

(4) High temperature resistance t~ 300°F.
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(5) High glass transition temperature {neg.igible softening
at 500°F).

(6) Low temperature resistance to -650F,
(7) Toughness and abrasion resistance.

(8) Fatigue resistance (non-cracking in fastener areas of air-
craft).

(9) Weathering resistance:
(a) Ultraviolet resistance.
(b) Moisture and hydrolysis resistance.
(c) Craze resistance.

(10) Formulated paints should have good package stability for
1 year at 90° - 100°F.

(11) Coatings after application should be glossy.
(12) Good adhesion.

c. Development of a polymer for coatings that is capable of service
in the 1CO0°F range. This coating may be baked to develop optimum proper-
ties.

d. A long range target is to develop a series of stable-structure
monomers from which stable polymers can be rather quickly made to meet

almost any required application, including other than coatings.

Accomplishments.

During the past year, additional process development has been di-
rected to a further improvement of the interfacial polymerization method
being utilized in the synthesis of high temperature coating polymers.
This has resuited in two primary benefits:

1. Polymerization cycles have been reduced from 3 hours to 15 min-
utes, giving a greatly increased utilization of personnel and equipment.

2. Molecular weights of polymers have been increased, resulting in

a marked improvement in elongation and resistance to crazing, both of
which are very necessary for a good coating polymer.
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Relative to Bisphenol A type polyphenyl ester coating polymers, a
breakthrough has been obtained in high temperature performance, from
500°F to 750°F, by thermal cross-linking. In practice this reaction
should occur naturally during aircraft operation at higher speeds, as
skin temperatures increase.

New high molecular weight Fluoro-Bisphenol A (Hexafluoroacetone
Bisphenol A) polyphenyl ester polymers have been developed which exhibit
greatly improved resistance to discoloration at elevated temperature.

A summary describing important phases of the coating polymer re-
search and development work is given below.

a. Interfacial Polymerization.

The resin kettle used for earlier interfacial polymerization
has been replaced by a Waring Blender unit. This has resulted primarily
in decreased polymerization time, from approximately 3 hours to i5 min-
utes, and has made possible more efficient utilization of personnel and
equipment.

High molecular weight polymers are now more consistently ob-
tained from stoichiometric quantities of reactants in the two immiscible
liquid phases. This has been accomplished primarily by using approxi-
mately equal volumes of the two liquid phases and also by operating the
Blender for a sufficient period of time (15 minutes for the 1 gallon
Blender) to exhaust the reactants completely. It has been noted in prac-
tice that this has occurred when the pH of the aqueous phas= is between
approximately 7 and 8.

b. Solubility.

In order for a coating polymer to be used easily, it must be
readily soluble in reiatively non-toxic usable paint solvents, such as
aromatics, ketones, and etc. Until recently, almost all Bisphenol A
polyphenyl composition modifications were not sufficiently soluble in
paint solvents. Those that gave indication of good solubility in sol-
vents, such as toluene, would usually gell in one to two weeks at higher
solids (207%) concentration. This may be seen by an examination of various
compositions in Figure 1. It will be noted that all of the polymers are
soluble in tetrachloroethane (TCE), but this solvent is highly toxic and
was used only to cast films for Instron and other tests.

We have recently developed polymers containing Hexafluoroacetone
Bisphenol A (6FK-BPA) with a higher ratio of I1sophthalic/Terephthalic
(70/30) than the 50/50 used formerly. These have improved solubjility
particularly in toluene, as may be seen in Figure 1, Runs H-160-2 and
H-166. Also, solution viscosities are lower, which allows higher solids
build-up during spray application of coatings. These polymers, being
thermoplastic, are ready for use as soon as the solvent evaporates.
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BISPHENOL A — POLYPHENYL ESTER POLYMER

FIGURE 4

5 ’ ffa 8 g

POLYPHENYL ESTER POLYMER WITH BISPHENOL A CONTAINING
FLUORO DIMETHYL GROUPS.

OEO O OEOEOO!

DICUMYL PHENOL POLYPHENYL ESTER POLYMER
FIGURE ¢
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¢. Jet Lube and Jet Fuel Resistance.

Aircraft coatings must be unaffected by jet lubes and jet fuels,
particularly at ambient temperatures. It is desirable that the coatings
also resist jet lubes at somewhat elevated temperatures, since leakage
or spillage of jet lubes onto aircraft surfaces may occur at times, and
with aircraft operating at high speeds, surface temperatures will be
somewhat elevated. An exposure of films or coatirgs to two nours in jet
lubes at 250°F has been used as a screening test in an attempt to simu-
late such conditions. Tests on seven Bisphenol A type polyphenyl ester
polymer compositions have been made in je: lubes and fuels at room tem-
perature and also at the elevated temperature (250°F) in jet lubes. Re-
sults are given in Figure 2. It will be seen that all polymers resisted
any harmful effects at room temperature. At the elevated jet lube tem-
perature, a newly developed polymer containing Piperazine (Run H-155-1)
gave best results. The structure of this polymer is shown in Figure 3.
It is presently being evaluated for other characteristics. In Figure
2, it will also be seen that the standard Bisphenol A polyphenyl ester
polymer (Run H-150-(3-6)) also gave good results in the tests, although
there was some slight surface crazing in the MIL-L-7808 jet lube at
250°F.

The fluoro containing polymers, for example, Runs H-138,
H-160-2, and H-166 in Figure 2 have not been satisfactory to date in the
hot jet lube test. These types of polymers have excellent heat resis-
tance and good solubility in toluene and efforts are being made to im-
prove their hot jet lube resistance. Run H-167 is an illustration in
which the addition of a snal! amount of Piperazine into the structure of
the polyme has given some improvement in the lube resistance.

d. High Temperature Resistance.

Comparative heat tests have been run on several promising poly-
phenyl ester polymers which were synthesized, including the earlier
standard one containing Bisphenol A (Run No. 128), whose structure is
shown in Figure 4. Included also were polymers containing Fluorodimethyl
Bisphenol A (Hexafluoroacetone Bisphenol A) as illustrated by the struc-
tural formula ir Figure 5 (Run No. 130); polymers conteining Dicumyl
Phenoi as shown in Figure 6 (Run 132); polymers containing P,P'-Biphenol
(Run 133) instead of the Bisphenol A shown in Figure &; and polymers con-
taining Tetraflu~rodichloroacetone Bisphenol A (Run No. 13)%) instead of
the Hexafluoroacetone Bisphenol A showr in Figure 5.

For the heat tests., | mil clear couatings of the polvmers were
flow-coats . nto 3" x 6" anodized 2024 aluminum panels and allowed to drv.
Panei» of the various polymer cosatings were ther subjected to heat cuycles
in an air-circulating oven for | hour each at 600<, "00 , and BOU F, for
a tota! exposure of 3 hours. Photographs were taken of the panels after
each hour of exposure to record any color d=velopment or other changes
which occurred.




FLUORO SERIES

Molal 7 Compusition

Run 1sophthaloyvl
No. Bisphenol o'l ¢Fk.ppa(2) Chloride
128 50 -- 25

127 40 10 25

131 30 20 25

136 10 40 25

130 -- 50 25

‘1) Bisphenol‘A. high purity, General Electric Companvy
(2}

Hexaf luorocacetone Bisphenol A, high purit, Allied Chemical Corporction

Terephthaloy!

Chiloride Remarks
25 Control
25 None
23 None
25 None
25 None

At Sede




Compositicn of the specific polymers tested in the flucrine-cc
serics of polyphenyl ester polymers is shown in Figure 7, slymers cor
only moderate amounts of Fluoro-Bisphenol A (6FK-BPA' (Rurs 1 7 and 131
respectively) did not ag’ better then the control (Run 1:%° which conts
fluorine. Those that cr.tained major amounts, or ail “luorc-3isphenol
(Runs 1.¢ &nd 120), a-ed significantly better than the ¢ * r panels .n
series, Although not shown in this report, these pan<ls were alsc aged
J00°F for 1 bour, At this temperature all coatings completeiv =vaporat
~xcept for panel in Run 136 on which approximately one-third of a parti
coating still remained. All coatings thro .ign 200°F v remained as i
and continuous coatings ani pane’s could be tent cver .e-guarter inch
irels without cracking. It was also observed during thir ~ar ‘est tha
coatings had become thermally cross-linked and were higi.v resi_tant to
effects of powerful solvenis for these type polymers, sucnh as tetrachlo
The cross-linxing »<chanism is bteing investigated furtner,

Composition of specific polymers tzsted in the Dicumyl Phent
is shown ir Figure 3, Run 130 contains the maximum arcunt ot Dicumy
i.e.y OO molal percen*t, or _00% of the dl:yaroxy intermediate, £ comp
of panels of Run .3 with s*andard Bisphenol A - polyphenyl ester ‘Rug
ater the 700°F heat test Jor one hour showed !n
No. 142, It is believed that the differe = In
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teen due to some impurity in the Dicumyl Frenc’ (Ng. 170) since it w~as
that the purity was somewhat less than the YNo. 178 Risphenol A which is
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BIPHENOL SERIES

Molal % Composition

Run No. BPA(L)  6rr.BRA‘®)  Bipheno1 ‘3’ é;fﬁ::::%ﬁ?l Tehtorided)  Remarks
128 50 .- .- 25 25 Control
133 - 25 25 25 25 None
130 .- 50 .- 25 25 Control

(1) Bisphenol A, high purity, General Electric Company

(2) Hexafluoroacetone Bisphenol A, high purity, Allied Chemical Corporation

(3) P, P' - Biphenol, high purity, Eastman

(4) 1lsophthaloyi end Terephthaloyl Chloride, high purity, Hooker Chemical Company

B A

FIGURE 9
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Polymers were also made containing some chlorine (Run 135, Figure
10) as a partial replacement of some of the fluorine in the SFK-BPA.
Although the hest stability was better than the control with Bisphenol A,
Run No. 128, it was not as good as No. 130 with the maximum amount of
6FK-BPA.

iy

The General series gave a relative heat stability comparison of
the various groups of polymers discussed above after exposure of one hour
each at 600°, 700°, and 800°F for a tctal exposure of 3 hours. Two panels
which contained predominant amcunts of the Fluorodimethyl Bisphenol A
{6FK~-BPA) were superior to all of the other panels in heat resistance.

|

e. Low Temperature Resistance.

o

A1l of the polymers produced have had good low temperature re-
sistance. Films of the most outstanding ones were made and subjected to
-65°F exposure, Figure il. All remainad quite flexible at this tempera-
ture.

t
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f. Weather Resistance.

Earlier titanium dioxide pigmented standard Bisphenol A poly-
phenyl ester polymer coatings which were exposed to four months of
Florida weathering, exhibited chalking on the surface in muich the same
manner as epoxy coatings. A close exanination of the coating beneath
this chalk showed fine cracks and checking., This was also true of the
area of the coated panel under the clamps, not exposed to direct sunlight
but exposed tc the other weathering elements. It thus appeared that
moisture was definitely a factor in the aging of these titanium dioxide
pigmented polymers, and was probably causing hydrolysis of the ester
groups in the polymer structure., Efforts were then made to evaluate and
develcp polymers of this type with maximum water resistance and maximum
resig’ance to the effects of moisture. A4 test was set up in which 1 mil
clear coatings of polymers of the Bisphenol A type polyphenyl ester
polymer on 3" x 5' anodized 2024 aluminum panels were half submerged in
water for periods of two or three months to observe any changes that
might occur. Results of tests are shown in Figure 12. In general, &ll
of the polym-rs performed well in this test with the exception of Run
H-134 containing 25 mole percent of Dicumyl Phenol. This poor result is
believed due to the fairly low molecular weight polymer in this case
since the polymer containing 50 mole percent Dicumyl Phenol {(Run H=132)
resisted any effects of the water test. The 50 mole percent Fluoro-
dimethyl Bisphenol A (6FK~-BPA) polymer of Run H-130 had a small amount
of crazing but the H-136 polymer containing only 40 mole percent
6FK-BPA did not. The earlier heat aging tests showed H-136 to age as
well as H-130, so from these tests it appears that H-136 is a slightly
better polymer than H-130 for the coating application,

-114-
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CHLOROFLUORO SERIES

Molal 7 Composition

Run No. BPA(” 4FK-BPA(2) 6FK- BPA(3) (12:(1)2:‘?::%2{1 Tg;:—g::l‘;:%zll Remarks
128 50 -- -- 25 25 Control
135 .- 50 -- 25 25 None
130 -- -- 50 25 25 Control
(1) Bisphenol A, high purity, General Electric Company
(2) Tetrafluorodichloroacetone Bisphenol A, high purity, Allied Chemical Corp.

(3) Hexafluoroacetone Bisphenol A, high purity, Allied Chemical Corp.
(4) Isophthaloyl and Terephthaloyl Chloride, high purity, Hooker Chemical Corp.

FIGURE 10
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LOW TEMPERATURE TESTS ON

BISPHENOL A TYPE POLYPHENYL ESTER FREE FILMS

Molal % Composition

50
25
25

40
10
25
25

25

25
25
a5

50
25
25

(1)

(2),

(4)

(3)

6FK-Bpa{1l)
Isophchaloyl(z)
Terephthaloyl(3)

6FK-BPA
BPA(4)
Isophthaloyl
Terephthaloyl

BPA
Piperazine(S)
Isophthaloyl
Terephthaloyl

B2A
Isophthaioyl
Terephthaloyl

AT - 65°C

H-138
H-130
H-142

H-151-1

H-155-1
H-155-2
H-155-3
H-155-5

H-150-(3-6)
H- 156

Remarks
Passed flexible
Passed flexible
Passed flexible
Passed flexible
Passed flexible
Passed flexible
Passed flexible
Passed flexible
Passed flexible
Passed - flexible

Hexafluoroacetone Bisphenol A, high purity, Allied Chemical Corxp.

(3) 1lsophthaloyl and terephthaloyl chloride, high purity, Hooker

Chemical Corp.

Bisphenol a, high purity, General Electric Company

Piperazine, high purity, Jefferson Chemical Company

FIGURE 1l
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g. Other Properties of Polymer.

Other required properties of the coating polymer not specifi-
cally discussed in detail above are satisfactory or under study. Tough-
ness and abrasion resistance are outstanding. Glass transition tempera-
tures are high and cross-linking occurs at higher temperatures, so that
softening of the polymer coating at elevated temperature is not a problem.
Fatigue resistance has not yet been evaluated, but attempts are being made
to keep elongations of coatings as high as possible as this is considered
a related factor. Adhesion of coatings, without primer, to anodized 2024
aluminum panels is good. Detailed evaluations have not yet been made with
other surfaces. Long range heat tests of 168 hours at 500°F are in prepa-
ration with gilicone coatings being used as a control. Glossy coatings
are considered primarily a function of pigmentation volume and titanium
pigmentation will be kept to a minimum to help assure this. One-year
package stability tests will, of course, have to be made on the final
polymer that is developed and formulated into paint for this applicaticn.

Future Plans.

In addition to the work which is underway and has been discussed,
research and development work will be initiated in the following areas:

a. The possibilities of developing a room temperature cross-linking
or curing system will be explored.

b. Process development work will be pursued relative to the feasi-
bility of emulsion interfacial polymerization to polymerize promising
intermediates which are not as reactive as some of the present ones, but
which would impart important properties.

c¢. The effect on polymer heat stability and long range aging of
end-capping polymer chains with sromatic groups will be investigated.
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STUDY OF FRACTURE MECHANISMS BY MICROFRACTOGR'PHY

WILLIAM A. SIPES AND JOHN F. DANOVICH

Background,

Failure analysis is effective only insofar as it can determine '"the
cause of failure.,"” For the materials engineer, the crux of the problem
pertains to describing, diagnosing, and explaining the fact of fracture.
Unfortunately, materials science has not yet reduced the sultleties of
the phenomena to a complete and definitive analysis. Among the many
tools used for such investigation is theeectron microscope., Electron
tvansmission techniques have proved invaluable in the study of the
deformation and plasticity of materisls, A newer approach, using
replication methods, has now emerged as a means of delineating the final
consequences of these processes - fracture.

However, at a very practical level, the success of the instrument in
discriminating previously unobserved details of fracture surfaces had
led to problems of nomenclature and identification, 1/ The commonly
used explanations, even theories of fracture, must take account of these
new details of fracture topology revealed by the electron microscope.

Objective.

1. The long range goal of this research is to assist in identifying
the causes for material failures in high strength materials.

2, The immediate aim of the work reported below is to describe those
aspects of hydrogen embrittlement which distinguish it from the other
mechanisms of so-called "brittle'" fracture.

Accomplishments.

1

.. The initial task confronting this investigation was the problem of
providing fracture surfaces, which, for want of a better phrase, could
be described as ''pedigreed h;drogen enbrittlement” fractures. The
conseasus of published work £/ indicated that such failures are the result
of complicated interactions involving numerous variables, which together
might be considered the "failure envelope.' These include all thoge
familiar to continuua mechanics as well as those of physica: cheamistry.
Neither atomic mechanisms nor electrochemical effects can be ignored
safely., Hence, test methods which involved a piece-meal attack, although
informative, would tend to lead to intractable difficulties when attempts
are made tc correlate the test with informatfon obtained from eleztren
fractographs. An accident which ~ccurred during the investigation

of the effect of stress on the permeation rate of hydrogen
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Platinum Anode (or Cathode)

D.C. Source:
Instrumented

\

Cathcde (or Anode)

Specimen Dimensions:
1. Oversll 3" x 9" x 1/8" thick
2, Gage Section 2k x 5"

0.090" thick

Masking compourd:
Cellulose acetate dase

Cell "Window'" cut ‘g
Masking Compound

‘k\\\~ Plastic Bottle:

Electrolyte container

FI1G. 1 - SCHEDMATIC REPRESENTATION OF FRACTURE TEST SPECINEN CONFIGURATION
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Note: 1.
2.
3.
Figure 3

Specimen Gage Section Hydrogen Window -
1" square

Note delayed transverse crack indicating
embrittled "notch"

At specimen edges, ductile failure is
indicated by Shear 1lip "tongues"

Photograph (1X) of Hydrogen Embrittlement
Test Specimen, AISI 4340 Steel at 240,000
psi Strength Level
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through a membrane of high strength AISI 4340 steel 3’ 4/ fortaitously
suggested a solution to this problem, After certain modifications in
specimen size and cell configuration and preparation, fracture surfaces
of sufficient size for replication were obtained. The successful
production of such fractures indicates that a means of correlating
fracture mechanics, electrochemical effects, and the phenomena associated
with the atomic mechanisms of failure may be possiole., This method of
obtaining fracture surfaces suggests that it will be possible to confirm
the hypoth2sis put forward by Troieno 3/ to explain the mechanism of
hydrogen embrittlement and delayed fracture, Alsc, merely by changing
the polarity of the test cell, conditions analogous to stress corrosion
effects may be studied. See Figures 1 and 2.

2, The fracture surfaces obtained, on the macroscopic level, effectively
demonstrated the '"notch" effect of hydrogen embrittlemen: - Figures 3 and
4. However, the most interesting results, corsidering the differences
among current explanatory theories, were observed in tne electrorn
fractographs - Figures 5 and 6. Besides indicating features of fracture
topology previously unreported, these electton fractographs demonstrate
that it will be possible to correlate the observed phenomena with test
variables. In this regard, recent work has been directed toward confirm-
ing the results so far obtained. Selected area electrcer diffraction,
Figure 7, has been used in an attempt to identify the crys.uilite species
observed in the brittle fracture area of the faiied surface.

Future Plans,

l. Work will be done to confirm the critical test parameters required
to reproduce the fracture topologies so far observed. The election
microprobe, now being procured; will be used, as available, to examine
selected features of the hydrogen embrittlement fiactire surface.

2, Electron fractographic surveys will be made using “stress corrosien"”
fracture surfaces induced in high strength AISI 4340 using a moditication
in test procedures,

References.
1/ C, D, Beachem, B, F. Brown, A, J. Edwards, Characterizing Fractures

by Electron Fractography, Part XII, Illustrated Glossary, Section 1:
Quasi-Cleavage, NRL Memorandum Report 1432, June 1963,pp 1-2.

2/ Fracture of Solids, D. C, Drucker and J. J. Gilman, kds., Interscience
Publishers, John Wiley & Sons, N, Y., N. Y., 1963, Vol. 20 of
Metallurgical Society Conferences reports papers presented at Maple
Valley, Washington, August 21-24, 1962,
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Evaluation of Hyirogen Embrittlement Characterisiics of Electroplating
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METABOLIC MECHANISMS OF MAN IN THE FULL PRESSURE SUIT
E. HENDLER and D. W. DERY

Rackaround.

The full pressure suit is an essential piece of life support equipment ra=
quired by personne! enjaged in flying high-altitude, high-performance ircraft,
as well as manned spacecraft. Since the body is entirely enclosed within a
gas-tight, impermeable garment for prolonged periods of time, provisions must
be made for assuring an environment compatible with a minimum of
performance decrement.

Qbiective.

The present study has as its objective the quantitative evaluation of the
energy requirements of man during task performance while dressed in the full
pressure suit. Conduct of this study is expected to provide contributions
toward defining life support system requirements in manned aerospace vehicles,
toward improving bioinstrumentation methodology for remote physiologicel and
psychological monitoring of human subjects, and toward relating performance
capability in the full pressure suit to concurrent physiological changes.

Accompl ishments.

As indicated previously, the glass house (chamber in which metabolic measure-
ments will be made) was relocated and reassembled; however, plumbing and
electrical services to make the enclosure functional have not yet been installed.

Consequently, it has not been possible to proceed with the task sequence
as planned.

A small analog computer was purchased and installed, and two of the investi-
gators working on this project were trained in its use and applications.

The computer has been programmed to process data obtained in the course of
the work described below.

A review of the literature was undertaken for the purpose of determining
methods of assessing respiratory function in men, which would also be compatible
with the wearing of the full pressure suit. In addition, it was desired to find
8 method which would not necessitate encumbering the subject with excessive gear,
nor Interfere with the normal use of the suit. The method of measuring volume-
flow loops appeared promising, and was therefore investigated in some detall,
as indicated in the following discussion.

The volume=flow loop refers to a simultaneous recording of changes in res-
piratory volume and flow which may be obtained while & subject perforas certaln
~espiratory maneuvers. Such loops contain a relatively large amount of information
pertaining to & subject's respiratory capability, as will be showmn, while at
the same time presenting this information in a compact and convenient manner.

The configuration of thesc loops is quite consistent in size and shape for o
given individual, and therefore may reflect subtle changes in respiratory function
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as a result of imposed stress. Another important advantage of this method of
presentation is that respiratory dysfunctions of many kinds are essily recognized.
This is in contrast to the rather tedious graphical analyses required tc obtain
equivalent information from the usual spirograms.

Fig. | indicates the procedure followed in obtaining volume~flow loops.
Seated subjects breathed int> a waterless WEDGE spirometer (Med-Science
Electronics, Inc.) through a mouthpiece connected to a short length of wide-bore
tubing. Two electrical outputs from the WEDGE spirometer, one propertional to
volume and the other proportional to flow, were amplified and fed into an
X=Y plotter. As shown in Fig. |, the spirometer outputs could also be fed into
an oscilloscope capable of retaining the trace so obtained on the tube face.
The latter was used for monitoring and training purposes. A number of subjects
were instructed to deliver tidal volumes (TV) and forced vital capacities (VC)
into the spirometer, and these maneuvers were practiced until consistent loops
were produced. Since one of the prime purposes of this study was to evaluate
the accuracy of this method of measuring respiratory functions, the subjects
repeated these procedures using a standard 13.5-1iter Collins respirometer from
which records of volume as a4 function of time were obtained.

Calibration of the WEDGE spirometer and its associated recording equipment
was accomplishec in two ways. First, measured volumes of air were delivered to
the spirometer by manually expressing this air from beneath the bell of the
Collins respirometer. Changes in air volumes of the latter were recorded by a
stylus mechpnica'ly linked to the bell, which provided s record of volume change
as @ function of time. S!multaneous volume changes thus induced in the WEDGE
spirometer were recorded as pen movements along the x-axis of the X-Y plotter.
Tangents drawn along the steepest slopes of the respirometer volume-time records
were used as measures of peak flow. These were cumpared to correspording peak
flow records from the WEDGE spirometer, which sppeared as pen movements along
the y-axis of the X-Y plotter. Second, a mechanical breathing machine [Scott
Aviation Corp., No. P/N 23575) cyclically injected anc¢ withdrew preset volumes
of air, at predetermined frequencies, into and out of the spirometer. The
resultant spirometer outputs of volume and flow, both as functions of time,
were recorded on 8 Sénborn Modenl 150 strip chart recorder, as well as the plotter.

Fig. 2 shows the mesn corrections (plus and minus three standard errors of
the mean) for volumes recorded from the WEDGE spirometer on the X-Y plotter. The
spirometer Is generally used in & pariially Tilled condition, to aliow for
either deep inspiration or deen expiration as the initial respiratery movement.
In our tests, the starting position of the spirometer wes adjusted to approxi-
sately k& liters, at which vciume no voltage output was fed to tne X-Y plotter.
As the volume in the spirometer decreased below & liters, an Increasingly positive
voltage was applied to the piotter pen; for volumes greater then 4 liters, the
spplied voltage was negative in sign. It is evident from Fig. 2 that the smaller
corrections were applied in the usual! working range of the spirometer. Respi-
rometer readings, which served as the standard for calibratiny tha WEDGE spirometer,
could not be read closer than t 0.02 liters, s value comparable !n magnitude to
the correction factors fram sbout 2 to 7 liters. All volumes re-crded on the
XY plotter were corrected in accordence with the values shown In flg. 2; corrections
for intermediate values of recorded volumes ware calculated on t » basis of
lincar changes between sdjecent corrections.
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.73
1.65
1.52
2.37
2.19
1.73
2.92
3.42
4.30
5.49

TABLE |
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Peak flows determined graphically from volume=time curves obtained with the
respirometer compared favorably with corresponding peak flows measured on the
WEDGE spirometer flow recordings (Table 1). In addition, electronic integratior
of spirometer flow signals, using the computer, resulted in volumes essentially
the same as those indicated directly by the respirometer. Spirometer volumes
obtained directly, and by integrating the flow rate, remained unchanged when
produced by the breathing machine over the frequency range of S to 60 cycles
per minute, with peak flows of approximately 350 liters/min.

Typical VC and TV volume=flow loops are shown In Fig. 3. These loops were
traced directly from a plotter record, and indicate the usual relationship and
shape of the VC and TV configurations. Loops of maximum breathing capacity were
superimposed on the voiume=flow loops. A comparison of means of repeated
measurements of tidal volume, expiratory reserve, inspiratory capacity, vital
capacity, maximum breathing capacity, peak expiratory flow, and peak inspiratory
flow for twelve subjects, using both the Collins respirometer and the volume=flow
technic, is shown in Table 2. All of the values shown were measured at asbient
(sea=level) temperature and piessure conditions. When tested siatistically,
no differences could be found between the values obtained for each of the sbove
pulmonary function measurements using the Collins respirometer and those obtained
using the WEDGE spirometer, except for peak inspiratory flow. The latter was
found to be significantly higher when measured using the WEDGE spirometer.

The "ezson for this differerce is not immediately apparent, and further efforts
will be devoted to examining this phenomenon.

Fig. 4 is presented to illustrate the point, previously mentioned, that
volume=flow loops may serve to indicate deviations from the more usual respi:atory
patterns in a most striking manner. The subject in this case was a young
naval aviator, selected as a potential astronaut candidate, who appeared to be
in excellent physical condition. From his vclume-flow loops, one of which is
shown &s Fig. 4, it s quite apparent that when executing a forced vital capacity
maneuver, his expiratory flow is reduced throughout much of his functional lung
volume. This finding was much more difficult to visualize tn the usual spirograms,
and could have easily escaped detection.

initial procedures were worked out for measuring pressure suit leakage by
using the computer to calculate continuously the difference between integrated
iniet and outiet flows through mass flowmeters.

future Plans.

it is planned to complete installation of plumbing and electrical services,
in order to have a functional facility for cerrying out the principal objectives
of this study. The computer will continue to be utilized to handle dats analysic,
and further work will be done (o evaluate the volume-flow technic for measuring
puilmonary function. As attempt will be made to calibrate s pneumotachogreph for
obtaining volume=flow loops from subjects within the full pressure sulit.
Models incorporating cy:lic voiume changes with controlled leakage rates will be
tested In the glass house. Unoccupied end occupled pressure suits will be
stutlcaliy and dynamically evaluated; metabolism end other physiological functions
of men {5 full pressure suits will be determined for the resting, exercising,
snd psychomotor task performence situations.
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it Is intended to prepsre a paper describing the work performed with the
volume=-flow technic for presentation at the 18th Annual Conference in
Engineering in Medicine and Biology.

Bublications.

Hendler, E., D. W. Dery, and N. Miller: Heart rate during performance of
a complex physical task. Fed. Proc. 23:522, 1964,




THE DEVELCPMENT OF ELECTROCHEMICAL AND METALLURGICAL MEASURING
TECHNIQUES FOR SIMULATED DEEP SEA CONDITIONS

JOHN J. DE LUCCIA AND EDWARD TAYLOR

BRackground.

The deterioration of materials exposed to seawater has been investigated

by a number of researchers, and much is contained in the literature
concerning shallow water expogure. Until a few years ago, very little
deep water testing {beycnd 500 feet) of structural materials had been
accomplished. A project titled, '"Oceanographic Effects on Materials,"

was initiated at that time, and the Aeronautical Materials Laboratory (AML)
has since exposed several thousand specimens of about 100 different
varieties of engineering materials to depths of 2300 and 5640 feet. So
far, the exposure of about 257 of these specimens has been completed and
the determinatior of physical and chemical changes is underway.

Some researchers have maintained that deep wrter testing of metals is
unnecessary since little oxygen is available to assist in the corrosion
reaction. This viewpoint invited scientific curiosity, and tiic deter-
mination perhaps, by deep sez simulation equipment, of any possible
correlaticn of corrosion rate with depth and oxygen concentration.

Recently, identical materials which were exposed at two different depths
for similar vericls were examinaed and found to exhibit more severe corro-
sicn at the grea:er depth where the oxygen concentration happened also to
be greater. This result, as well as vermiform (worm-like) corrosion of
stainless steels due to water flow over its geometry, has convinced these
investigators that labeoratory simulation of deep ocean corrosion is
extremelv necessary in oider to cope with these problems.

Objective.

The specific aim of the program is to develop electrochemical and
metallurgical instrumentation techniques suitable for monitoring chemical,
physical, and mechanical changes of metals exposed to pressurized sea
water simulaiing various ocean depths,.

Accomplishments.

A. A controlled environment system (Figures 1 and 2) fur deep sea
simulation has been procured and is being fitted with numerous accessories
which are corrosion resistant. The system consists of a pressure vessel,
a cooling unit and a high pressure pump. The pressure vessel is capable
of achieving 20,000 psi and 0°C; conditions which are the maximum known
for any ocean. Because a flow of up to 6 gal,/hr. is possible, currents
fecund at ocean depths can ailso be simulated.
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The head of the vessel contains 8 electrical feed-throughs, so that any
transducing devices mounted on the electrocnemical cell inside tne
vessel will be able to deliver their signals through it. A fuabricated
plastic ji1g {high pressure electrochemical cell) Figure 3) has been
designed and constructed to facilitate the measurement of electrode
potentials of metals with or witnout stressing. Silver-silver cnloride
electrodes are being constructed with estiblished techniques 1o
provide pressure insensitive electrode potential measurements.

A data recording system is now being procured which will monitor and
store at least 25 channels of information for periods up to 3 days.
The data will be printed vcltages with polarity, decimal point and
channel identification also prirted.

B, While the controlled environment system was being procured, a hydro-
static testing unit was designed and assembled by AML personnel using
aircraft hydraulic parts. Metal specimens were fastened to a p.astic
frame, stressed with wedges and enveloped by a sealed polyethylen~ bag
containing fresh seawater. The bag was placed in an aircraft accumu'ator
pressurized to approximately 3000 psi1 for 5 weeks.

Upon examination after this exposure, the high strength steel, stainless
steel, and titanium were still bright and free of corrosion, whereas the
magnesium had severely corroded. It was concluded that the magnesium,
being more active than the other metals, consumed all of the available
oxygen in order to corrode, thus leavirg almost none for the steel wnich
severely "rusts" in contact with oxygen.

The lesson from this experiment drove home the fact that oxygen plays a
key role 1n deep sea corrosion, and close monitoring and controlling of
a flowing system '~der pressure is highly desiraole.

C. Mr. Deluccia presented a puaper on the deteriorative effects of the
sea on waterials at the Firsi Naval Advisory Council on Mater:als
sponscred Nevy Meeting on Corrosion (Review and Analysis of the Navy's
Deep Sea Corrosion and Deterioraticn Program) held at the Naval Civil
Engineering Laboratory (NCEL), Port Hueneme, California. Inspection of
NCEL 's simulat<on equipment and subsequent discussion of this field
brought new idecas to this laboratory. He also participated in a committee
during June 1965, which wtll evaluate the Navy s current program on
marine corrosi1on and deterioration ir the light of requirements, and then
recommend additions, deletions, and changes n emphasis in order to
formulate integrated and balanced Navy Preogram in Marine Corrosion and
Detericvation which will support adequately the Navy s -ommitment to

deep ocean engineering ventures,




Future Plans.

Natural seawater purchased urder contract from a local aquarium will
be compared with artificial seawater and solutions of metal salts to
determine the pressure insensitivity and other pertinent physical and
electrochemnical cheracteristics of reference electr- es to be custom
made in the laboratory,

A plastic liner and diffuser will be constructed for the vessel to
minimize the diffusion of copper ions from the monel wails to the
metallic surfices under investigation. Fresh filtered seawater will
always first flow past the reference electrode in this system, with
the specimens receiving the water next, and finally contacting the
outer wall before being ejected.

The orientation of the specimens with relation to the direction of
water flow will be studied to duplicate oxygen concentration cells
which were found cn several panels exposed to the ocean. Crevices

will be intenticnally formed and potential measurements will monitor
the corrosion rate,

The primary effect to be studied depends somewhat on the above "sub-
ordinate' results but is concerned specifically with the effect of
pressure on corrosion reactions, The effect of pressure (p) on the

emf (E) of a galvanic cell can be predicted from the classical relations.

da .
a P : m, T ZSV

E AN (2)
P m, T nF

where &G 1s the change in free energy, V the volume change when

n F.radavs (F) are passed through the cell at constant molal concentra-
tion {m) and temperature (T), From these equations, one finds that
pressure does have an effect on corrosion reactions: this effect can be

measured in situ by the simulation apparatus and compared with predicted
values.

(1)

References.

1/ Reference Electrodes, lves & Janv, Ac. Press (1961},




This project was undertaken to develop a temperature measuring system capable

of providing accurate temperature data at the turbine inlet stations of a gus
turbine engine. To obtain an acourste indication of tempersture ir thig en-
vironment, an averaging technique must be used because of the extrems temper-
ature gredients that exist in the area of the turbine inlet. Average tempersture
techniques of messurment used at present heve been found unsuitable, particulerly
at altitude opereting conditions where large discrepancies have been odserved
between T5 measured and T5 calculated thermodynamically,

Qhieciivea

The object of this progrem is to develop a new instrumentation technique or system
capsble of providing sccurete temperature data at the turbine inlet of a gas
turbine engine. This technique or system must be capsdle of ylelding an accurate
tempereture profile in the turbine inlet at all engirs cpereting conditions.

Acscorulishaants

As the result of a literature review conducted last year, three techaniques of

temperatire msasurement were thought to be applicable in the eavironment of the
turbine inlet.

(1) Radiation Msasuring Technique
(2) Gas Density Msasuiing Technique
(3) Shielded Thermocouple Mesasuring Technique

1. Badiation Messuiing Iechnique

Infra-red rediation vas investigated and the following oconclusions
vere drewn, The temperature of a bhot gas atream ocan be datermined
if the senser s “es only the gss and not the valls of the containing
duct. However, the gas products of combustion are trenspareat over
the greater part of the spectrum; there are only a few discrete wvave
bands vhere the gus products of combustion absordb and emit rediant
energy. Sensers bave been designed which fiiter out all rediation,
except that being emitted from a gaseous target in a vell defined
spectrel band. PFor example, a senser bas been designed that collects




2.

radiation in wavelengtih band in which the C02 in the gas strean
abgorbs and emits rediation. However, since the emissivity of the
gea is & function of the concentration of the CO, molecules, con-
centration or density would have to be obtained ore meaningful
tewporature data counld he taken. Considering the ccet of equipment
and problems invelved, this method of temperature measurcment was
dropped from considemmtion.

Ressarch during the first 6 months of fiscal year 65 was primmrily
conxcerned with the investigation of an alpha particle geas density
measduring technique. The distance which an ionised particle travels

in & gaseous absorbing media is a function of the initial and final
euergy of tue alpha particle and the density of the gaseous absorber.

4s ibe alpha particle truverses the gas stream it loses energy,

primrily due to the coulcmb interaction with the electrons of the
absorbing media, Assuming classical coulomb interaction behavior,

ons couputes tie amount of energy transferred to an electron in a single
collision; and then sumc up all electrons in the alphe perticle path

to arcive at ihe total energy diasipated by the alpba particle.

Knowing the amount of energy lost, the range of travel, end the r~-lecular
propecties of the gaseious absorber, the density of the absorber can be
Getermined. This technique of density measurement appears suitable in
high altitudc environmenta where aversge gas density at the turbine inlet
ie in the order of 0.6 kgme/ m.> (35,000 ft.). However, as sea level
condiiions are approached, density et this station increases and reage
meesurements cai not be mde due to the extrems energy sttenuation of the

alpha particle. Table 1 lists density at the turbine inlet for various
sltitudes.

Jable 1l
¢wnaity (keme/ B.3) altitude (£t.)
1.77 10,000
1.46 15,000
1.19 20,000
0.9 25,000
0.77 30,000

This method of measurement doese appear to bave merit in the study of
high temperature rerefied gas flows, and a summary of this phase of the
investigation bhas been prepared. This summsry includes a deviatiorn of
the range-energy equation from stopping power consideretions, and an

example problem illustrating & method of solving the derived rengo-
snergy ecquation.
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3. Shielded Ihermocounle Messurige Technigue

The shielded theraocouple is the temperature measurement senser
universally employad throughout the aircraft industry to msasure

turbine inlet and discharge temperwtures. To design a thermecouple
probe for a particulsr engine location, accuracy, speed of responsse,
temperature magnitude, and the various modes of heat energy transfer
mist be considered. In a high temperature, bhigh velocity gas atreanm,
som compromise must be made between speed of response and accuracy

of indication. Since this project is concernad with the accurate

indication of turbine inlet tempereture, this criteria vas deemed of
primary impertance. Accordingly, a shielded and aspirated probe has
beon fabricated as shown in Figure 1. This probe is a douhle shielded
temperature senser designed for high temperature environments where
radiation is the signifisant mode of heat energy transfer. This probe
1s to be used as the absolute temperature standard in the calibration

of all future test probe designs.

In order to simulste the environment of the turbine inlet a test rig

has been fabricated and instrumented and is now operatiomsl in W

test cell (Figure 2). Mass flows up to 3f/sec at inlet pressures of
30" to 70% HgA can be generated with temperatures ranging from 1000°F

to 2500°F. The above test conditions simulate altitude oporating
environments for a single combustor can of a gas turbine engine.

Future Plans

Future plans include the design and test of various shielded probes, as well as
operation in test facilities capable of generating higher mase flows and pregsures.
In this maaner, test probes can be evaluated in the turbins inlet snvironment at

all engine opersting conditions.
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INVESTIGATION OF THE RESIDUAL STRESS FIELD
AROUND FILLED AND UNF:iLLED HOLES

R. VINING

BACKGROUND.

Recent fatigue investigations performed with the . e of full-scale
and simulated structures have demonstrated that current fatigue
hypotheses for application to structurer are not valid in the aigh-
stress low~life range. These hypothesus are all based or a non-
varying stress distribution (except for magnitude) in the region
being investigated. To substantiate tne fatigue behavior obtained
in the current Aeronautical Structures Laboratory (ASL) tests, one
must hypothesize that the stress field varies throughout the test
life.

OBJECTIVEL.

The objective of this investigation is to study the behavior of
the applied and residual stress fields around both filled and un-
fiiled holes in an "infinite" aluminum sheet for various cyclic

loading conditions.

ACCOMPLISHMENTS.

The specia'! strain transducers, which have been developed in
miniature form to measure strains up to 30% near the peripnery of
the hole, have been received. A technique has been developed for
using these trarsducers, which are miniature differential trans-
tormers. One is shown in Figure 1, mounted on a simple test coupon.
The transducers and the signal-conditioning equipment to adapt their
output to the cxisting recording equipment have undergone check-out.

The test fixture has been designed and its erection has been completed,
as shown in rigure 2. Test specimen | has been fabricated, ins’ru-
mented, and installed in the test fixture; it can be seen in Figure 2.
A closeup view of the test specimen is show. in Figure 3, the elaborate
strain gage instrumentation can be seen clearly.

For specimen 1, a loading cycle consisted of an increase in load to
140,000 pceunds and a decrease in load to 18,800 pounds. The maximum
load is a value approximately two-thirds of the ultimate [{ailing load

n
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of the aluminum sheet. This load was assumed to represent what is
termed "limit load" in airplane design terminology, where limit load
is defined as a load which establishes the strength level for design
purposes. The minimum load represents a fictitious level-flight con-
dition load. The strain at maximum load and the residual strain at
minimum load for the first cycle along a line normal to the direction
of load are shown in Figure 4. Additional cycling of specimen 1 has

been performed and the data which have been obtained are being studied.

FUTURE PLANS.

In the coming year, additional! test specimens will be loade¢d with

a high initial preload to be followcd by cycling at lower loads. The
peak and residual strains will be measured. Some specimens will be
cycled with a spectrum-type of loading after the preload, in an effort
to determine how this type of loading affects residual stress and
strain, as opposed to constant-magnitude cyclic loading. By taking
the time history of strain measured at some point near the hole and
duplicating this time history on a simple tensile test coupon, an
attempt will be made to determine the variation of residual stress
around the hole under cyclic loading.
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UTILIZATION OF GAMMA RADIATION TO ENHANCE PRCPERTIES OF POLYMERS
AND TO INITIATE POLYMERIZATION OF MONOMERS

G. HARGREAVES

Background

The use of ionizing radiation to initiate chemical changes offers a
number of unique advantages over conventional chemical techniques. Certain
reactions can be induced which are not possible, or convenient, by other means.
The control over reaction conditions is extended; the tcumperature is not a
limiting factor, since many radiation-induced changes are only slightly
affected by temperature changes. Modification of long-chain poivmers by
radiation has aroused considerable interest in recent vears. The sometimes
marked changes produced in such polymers by radiation do not depend on any
special chemical effect that is different from those obtained in smaller
organic molecules, but do result from the fact that the physical properties ot
such polymers are easilv modified by small changes in molecular arrangement.

Objectives

l. To develop a capability in the use .f gamma radiation to process
polymers, ti ir composites, and monomers, and to enhance their propercies.
Desirable im rovements would be incrensed flexural strength, abrasive
resistance, hardness, and resistance to higher tewmperatu:es.

2. To polymerize relatively stable monomers by gamma radiation to produce
new and unusual polymers.

Accomplishments

1. The Gammacell 220 was returned to the manufacturar and rejuvenated.
1t contains 12,586 curies cf cobalt 60. The measured dgse rate in the
center of the irradiation chamber is now about 1.0 x 10° rads per hour of
gamxa radiation, The half life of cobalt 60 is 5.26 vears.

2. An irradiation helix is connected with the svstea for emulsion or
solution polymerization. This is . ciosed system with temperature, atmosphere
and amount of radiation under controllea cenditions. Figure I is a diagram of
the svstem, the reservoiri{l) holds the material (in liguid form’ to be
irradiated. Several openings in the reservoir provide for the entrance ot
solvent, monomer, nitrogen or other gas inte the svstew, or it may be gltached
to a vacuum line. A circila*ing pump(.) forces the liquid through the system.

It passes through a flow meter(3) and then through a heating . - coeling unit: ).

Next the liquid material is forced through the helix in the gamms cell
irradistion chamber:5). After leaving the irradiati n chamber the pressure ca-
be measuredit). Samples mav be withdrawn at(8) thea the remainder returns o
the reservoir and repeats the cycle. This equipment may alsc be used for vapo:
phase polvmerization.

J. UObjective 1 has been realized. Stvrene has been polymerized in a.
emi:lsion tc produce a fila {>raming pol.mer. Stvrene has CSeen grafted onto

nvlion fabric "¢ produce a fabric with improved tearing strength, and other
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properties for “outdoor" use.

4, Some adhesives for laminates have been irradiated in situ. This
work shows promise but has not been explored further due to the lack of
personnel,

1

5. Benzophenone (-C-C ) has been dissolved in a number of
solvents=acetone, benzene, chloroform, ethanol!, methanol, and irradiated to
various levels. Benzophen-ne in ethanol produced a crystalline material
which melted at 150-1809C, benzophenone melts below 50°C. When dissolved in
chloroform and irradiated with a dose of 4.8 x 107 rads, an orange-red precipitate
was formed., This material does not melt >r decomnose below 300°C,

Future Plans

Since the work with benzophenone and similar monomers seems to have
possibilities for successful polymerization by irradiation, more work with
these monomer. is planned. There are also many aliphatic structures as
well as aromatic, which have excellent potential as pelymers waich should be
explored. The estimated completion date at this time is 1 July 1967.

-163-




e mmng
P,
Lo
gy
L]
L ]
taup
Gunpy
[ S
iy
. ——

-164-

}@;‘*




STUDY OF THE MECHANISM OF WATER COALESCERS
3. H. SHERTZER ARD H, LINDZNHOFEN
Background

Aircraft fuels contain appreciable amounts of dissolved, and, under certain
conditions, emulsified water. The emulsified or "free" water present in
the fuel systam can have an adverse effect upon the in-flight opersation

of the aircraft /. To control this problem, filter separaiors have been
inserted into the fuel dispensing system to remove emulsified water prior
to aircraft fueling. These filter separators contain coalescer elements
composed of glass fibers which coalesce the emulsified water in the fuel.
This coalescence process is a phenomenon which depends upon the energetics
of the surfaces of the solid, water, and hydrocar! .n present in the system.
The service 1life of the coalescers is effected by the type of system they
are operating in; i.e. in some systems elements remcve the emulsified water
satisfactorily for a long period of time, whereus in other systems the
elements fail quickly and the emulsified water passes through the coalescer
element. An explanation of this problem can only be obtained by a better
understanding of the variables which affect this water separation process.
The present trend of thought indicates that surface active (surfactant)
material present in the fuel, in the form of additives or contaminants,
drastically reduces the efficiency of the coalsscer by being adsorbed

on the fibers 2/. Certain experimental techniques, vis. the drop volume -
experiment, also support this hypothesis 3/. The present phase of this
investigaticn is directed toward the study of the effect of surfactants
present in the hydrocarbon phase om the fibers used in the coalescer.

Ohlectives

The purpose of the present investigation is to determine if fibers used
in the coalescers will quantitatively adsorb an acid from a non-aqueous
solvent. This would enable the investigators to obtain an estimmte of
the surface area of the fibrous material, in order to develop a method
by which adsorption on fibers could be observed in the hydrocarbon fuel
system presently in use.

This information would give the investigators a method vhereby they would
be able to estimate the surface area being poisoned by the additives or
coptaminants present in the fuel. By the addition of kmown surface active
agents into an unconteminated fuel, the relative adsorption sirength of
the additives may be obtained by the method described above.

In addition to the acid adsorption experiment, the surface snergies of
certain solid - water - hydrocarbon systems will be investigatel to support
the adsorptior thec.y, and to study the effects of certain solids on the
energetics cf their surfaces.

-165-
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Accopnlishments

An intensive literature search, which was undertaken, led to the following
conclusions:

(1) The process of coalescence is a much neglecied and complex field.
Some of the studies of coalescence found in the literature could not be
applied to the problem at hand, since they delt only with systems where
two phases were present - (e.g.) water, hydrocarbon 4/ - excluding the
solid phase from the system completely. Si.ice the sol:d phase (fiber-
glass) is present in the coalescer elements in use, the foregoing method
would not shed much light on the problem.

(2) An attempt has been made to construct an instrument which would
give an indication s to the separation properties of a smell scale
coalescer 5/. This method rates a fuel or hydrocarbon system by a photo-
metric estimation of the amount of emulsified water passing through the
coalescer element. This instrument is calibrated by adding trace amounts
of surfactant to a standard fuel. However, the method does not expl.in

how the surface active agents affect the coalescence of water in the
system.

(3) Another approach to the problem which has merit is the study of
the wettability of certain solids by water in different hydrocarbon medir
by contact angle and interfacial surface tension measurements 3/.

This method will be used in future investigations.

{4) The method that has been pursued since April 1965 is one in which
we are attempting to show that surface active material is adscrbed on the
glags fibers, rendering them unable to coalesce the emulsified wster in
the system. If we can accomplish this, then a method could be devised
to eveluate the adsorption of additives that are present in the fuels and
the constituents present in the base fuels themselves. Specifically, a
method is being developed to measure the surfacaoﬁroa of glass fibers
by the adsorption of palmitic acid (CH3(CH2)11.C ) from a dry benzene
solution. Harkin, et al &/, 7/ have used this methcd to determine the
apparent surface area of fine powders. The method used is & titration
of the palmitic acid before and after exposure to the fiberglass. The
azsunt of acid adsorted is calculated from the difference in the amount
of alcoholic KOH used to titrste the :ample and the blani. A specific
problem sncountered to date is the fact that the fibers have a muc..
smeller surface area per unit waight thaz the powxders hitherto used. The
fiberglass is supposed to have a surface area from 1 - 3 square meters
per gram as opposed to a much larger area for the powders &/. The
success of the method depends upon the accuracy with which the acid
present in the solution is determined. Initially, it was belie.ed that
a colorimetric titration with phenolphthalein as indicator would suffice 9/.
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Difficulties were encountered due to the fact that the color change was
very weak because the concentration of the KOH is about 0.01 Normal.
However, same data of value were obtained by this method. Figure 1 shows
the rate of adsorption of Palmitic acid onto glass fibers. To increase
the accuracy of the method, an electrometric titration was used to
construct the adsorption isotherm (figure 2). The amount of acid

adsorbed per unit weight of fiber is plotted against varying concentrations
of acid. It can be seen from figure 2 that multilayer adsorption is
occurring. In order to obtain an estimate cf the surface area, the
isotherm should be horisontal in some concentration range. If an isotherm
of this type is obtained, the amount adsorbed corresponding to the
horisontal portion of the plot, is taken as the value at vhich a
monomolecular layer of acid is covering the surface. Enowing the amsunt
of acid adsorbed and the area occupied by each molecule 10/ the s:rface
area of the fibers may be calculated. The multilayer adsorptica found

on the fibers may be due to a number of factors 11/. Some of these are
the cleaning procedure and quality of reagents used in the axperiment,

and the method of contact of the solid with the acid sciution.

Future investigations will include development of better methods of drying
the fibers and solvent, search for a more accurztie procedure for the
determination of the amount of acid adsorbed, and an experimental setup
vhich would allow more intimate contact between the fibers and the acid
solution. Once the feasibility of the method is established, this
procedure may be employed to study ths interaction of fuel comstituents
vith the fibers.

Tuture Plans

(1) Continue the study of adsorption of organic acids onto glass
fibers in an effort to determine their surface areas, and to apply this
method to certain fuels.

(2) Investigate the surface energies of glass and other solids by
contact angle and Interfacial Tension measurements on water, hydrocarbon,
and solid systems.

(3) Consider the feasibility of rediochemical tracer studies on a
full scale or scaled down filter seperator unit. 1I1f certain surface
activy agents were tagged, their migration through the systea could bdbe
monitored continuovsly. It is my belief that this msthod would give
information as to what is actually happening in the dynamic full scale
system.
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CONDUCTIVE TRANSPARENT THERMOPLASTIC FILMS

I, H. CUSTIS

Background

The accumulation and retention of a. electrostatic charge on the
surface of materials have been known for some time. The presence of
this charge introduces a potential hazard where miss{les are involved.
Previously, very littie work had been done to eliminate this staiic buildup.
This was due to the lack of effective antistatic agents and methods of evaluating
their nerformance. Two methods of evaluation are presently being used; they
are the cigarette asn test and the soot chamber test. The latter is being used
by the industry to evaiuate the electrostatic properties of plastic bottles.
Both of these methods are qualitative and only indicate the presence of a charge.
A more definitive test metnod requiring a circular coulomerer was used to
evaluate the electrostatic properties of the materials studied,

Objectives

The purposes of this program are to develop conductive transparent
thermoplastic materials through the use of fnternal antistatic agents, and
to develop a test method which will evaluate accurately their performance in
improving the electrostatic properties of materials.

Accomplishments

The electrostatic properties of five materials were evaluated using
the cculometer test method. These consisted of three films ard two materials
which can be applied to films resulting in a transparent coating. The avaluation
is listed in Figure 1. An analvsis of these dats indicates that thermoplastic
materials, which are insulators, can alsc be made conductive through the use
of chemical agents. As noted, the hvdroxvaquochromium diphenvi phosphinate,
which is a new resin, exhibited good electrostatic properties, Polvathvlene
with an internal anti{static agent, and polvurethane with carben filaments
embedded in the resin, exhibited poor electrostatic properties. The effectiveness
cf the transparent coatings which are applied to the films, are depeandent upon
thickness. When a 2% solution of Zelec DP was applied to pelvethvliene and nvion
the elecirostatic properties of polvethylene were comewhat improved, as soted by
the reduction in the charge retained. For the nvlon film, the electrcstatic
properties were greatly improved. The appiication of a 4% solution of Zelec UP
further improved the electrostatic properties of both the polivethvlene snd nvion.
Two and 4% concentrations of Zelec DX exhibited no effect on the elactrostatic
properties of the polvethvliene: whereas, the properties of nvlon were gresatly
improved.

Therefore, it is believed that the electrostaiic propertics of thermoplastic
material can be improved to the peint that the material will be conductive and
prevent a stati. charge buildup. Further, it is belfeved that this Carn he ac-
complished through the use of the proper antistatic agent. No ore antisizl appeirs
t> meet the requirement for all resins.
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CONDUCTIVE TRANSPARENT THERMOPLASTIC FILMS

I, H, CUSTIS

Background

The accumulation and retention of an electrostatic charge on the
surface of materials ha e been known for some time., The presence of
this charge irtroduces a potential hazard vhere missiles are involved.
Previnusly, very .{ittle work had been done to eliminate rthis static buildup.
This was due to the lack of effective antistatic agents and methods or evaluating
their performance. Two methads of evaluation are presently being used; they
are the cigarette ash test and the soot chamber test. The latter is beinyg used
by the industry to evaluate the electrostatic properties of plastic hottles.
Both of these methods are qualitative and only indicate the presence of a charge.
A more definitive test method requiring a circular coulometer was used to
evaluate the electrostatic properties of the materials studied,

Objectives

The purposes of this program are to de—elop conductive transparent
thermoplastic materials through the use of internal antistatic agents, and
to develep a test method which will evaluate accuratelv their performaice In
improving the electrostatic properties of materials,

Accomplishments

The eiectrustatic proverties of fi.e materials were evaluated using
the coul-meter test method. These consisted of three films and two materials
which can be appiied tc filme resulting in a transparent coatirg. The eva 1at:on
is listed in Figure l. An analvsis of tnese data indicates t'.at thermoplastic
materials, which are insuiators, can ~!so be made conductive through the use
‘f chemical agents. As noted, the hvdroxvaquochrouium diphenv! phosghinate,
which 1s a new resin, exhibtited gocd electrestatic properties. Polvethvlene
with an internal antistatic agent, and polvurethane with carbon “ilarments
embedded in the resin, exhibited poor electrostatic properties. _he effectiveness
of the transparent coatines which are applied te the films, 2ie “72pendent upon
thickness. wheu a 2% sclution of Zelec 0P was applied to polveth . iene and novi
the electrostatic properties of polvethviene were somewhat inproved, as noted M
the reducticn in the charge retained. Feor the nvien film, the el trostatic
properties were greatly improved., The application of a 4% sclucion of lelec DF
further improved the elec’rostatic properties of both the polvethviene and ..vi r.
Two and 4% concentrations of Zelec DX exhibited no effect on the electrostatic
properties of the polvethvliene; whereas, the properties of nvion were gieaciv
improved.
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Therefore, it is believed tha't the electrustatic properties of thermoplastiic
material ca~ be improved fto the point the material wiil be conducti.e anc
prevent a static charge buildup. Further, it is helievea that this c.n be ac-
complished through the use of the proper antistetic igent. K& one &nlistat appears
to meet the reguirement for all resins.
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RESULTS

OF ELECTROSTATIC PRCPERTY EVALUATION

(Volts Retained)

Zelex DX
%

>300

Negligible

Zelec VP Zelec DP Zeiec DX
Untreatad 7 47 27
Hyvdroxvaquechromicm 30 --- - -~-
Dipheny! Phasphinate
Polyursthene with 3-200 --- -- ~--
Carbon Filaments
Peiyethylene with > 300 - o= .-
Incterial Anvistatic Agent
FPolyethylane > 300 165 50 %300
Nvion >300 30 Negligible 85
FIGURE 1
——— e ——— — A T —————




Future Pirans

Equipment to evaluate the charging, saturation, and decay rate of an
induced charge has been purchased, and will be assembled to continue this
investigation, Antistatic agents will be incorporated in the material by
solvent casting or milling processes and their performance evaluated.
Information obtained will be applied on pilot plant equipment.
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NEUTRON ACTIVATION ANALYSIS

EDWIN S. TANKINS AND ALFRED L. GLASS

Background.

Neutron activation analysis is a relatively new research tool which
offers uriprecedented sensitivity in the detection of more than half of
the elements in the periodic Table. The sample, as well as a standard,
18 bombarded with neutrons from a neutron generator, which coaverts
“hem to an unstable radioactive form. The irradiated samples are then
identified and measured quantitatively by means of gamma ray spectro-
scopy. This method is nondestructive in that the specimen can be
reused. It has a sensitivity far better than most chemical or
spectrographic techniques. This method of analysis is extremely
sensitive, free from reagent contamination, and 1s a very rapid method
of analysis.,

Cbjectives.

A, In the various studies of mechanical properties of materials, it

is very important to have alternate gas analysis. Certain metals and
ceramic materials are difficult to analyze for gas contents. Nitrogen
analysis is difficult in most metals by any method other than the
Kjeldahl. The first aim will be to establish a method of oxygen and
nitrogen analysis in ceramics and metals, and to ccrrelate these results
with physical and mechanical properties. The authors are on ASTM
Committees and will be involved in round robin programs involving neutron
activation analytical procedures.

B. Lubricating oil, hydraulic oil, and greases w.ll be examined
quantitatively to determine accurately minute particles and how they
vary with time and tests. These analyses will be involved in programs
to investigate wear and to make correlation with a theoretical model

C. Trace quantities of materials in metals, due (o diffusion, will be
investigated. This will be related with metal-to-metal wear.

Accomplishments.

A. Detailed plans have been made for setting up the site for the system
of equipment necessary to perform neutron activation analysis.

B. A survey of pertinent literature is underway.

Future Plans.

Purchase of the equipment is in progress. As soon as the equipment has
been delivered and installed, personnel will familiarize themselves with
the equipment and the first phase of the program will get underway.
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STUDY HETIC FIBER CLOTH VARIABLES CE TED
WEATHERING VARIABLES AND THEIR INTERACTION

WARREN T, KELLY

Background.

The differences in degradation experienced with various fibers and
in atmospheric contaminants at various test locationc, have prevented
complete agreement in magnitude of degradation or method of assessment
for weathering determinations., The deterioration produced by exposures
in moist humid air has always been reported as greater than tests in dry
air, However, tests performed on Aeronautical Materials Laboratory
accelerated weathering apparatus, to evaluate detericration of nylon cloths
exposed without the water spray operating, indicated greater deterioration
when moisture was omitted.

Objectiye.

The accelerated weathering equipment, while conforming to government
and commercial test procedures, does not control adequea’ely temperature
and humidity conditions or prevent contaminati-n by materials in the
atmosphere. To determine if this anomaly is caused by operating conditions,
the equipment manufacturer is exposing specimens prepared from available
fabrics in a research type accelerated weathering apparatus. Analysis of
these preliminary samples may indicate that differences in expected
deterioration are due to nylon properties. Based on this analysis, the
investigation will be continued. Cloths specially prepared to control
significant variables will be used, and exposed in equipment that can
control all known variatles *o determine optimum materials, test procedures,
and operation instructions for textiles for sea survival equipment.

complis nts.

Test specimens for accelerated weathering exposure were prepared from
five nylon cloths of known history for six test conditions at Atlas
Electric Devices and three test conditions at the Aeronautical Materials
Laboratory. The planned exposure at the Aercnauticsl Ma‘erials Laboratory-
“C hours of light with standard, continuous, and nc water spray - has been
completed. One set has been exposed at Atlas Electric Devices and is beirg
returned for sirength *ests.

Upon completion of present exposure tests and analysis, the data will

be reviewed and detailed plans develcped. The approximate completion date
is 1 July 19¢7.
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HEAT A ACE_WEAR STUDIES ASSOCIATED WITH
ICTION TYPE CLUTCH AND BRAKE ASSEMBLIES

S, BRITTINGHAM

RACKGROUND ¢

Pressnt day and future high capacity cl and brake recuirements imposed
b Small Airfield Tactical Support (SATS) catapult systems make it neces-
sary to determine design criteria for development of reliable, long life
clutch and brake systems, It was concluded, from contacts with organiza-
tionz connected directly with high capacity clutch and brake system design,
tat empirical approaches are primarily being used in the design pmase, and
that an amalytical approach is needed for future clutch and brake design
studiss. Consequently, this study was initiated to develoor a method of de-
termining thermodymamic, lubrication, and wear characteristics of friction
surfaces rubbing together; and to utilize the resulting methods as design
criteria for present day aircraft launching and arresting systems, using
friction surfaces to translate or dissivate ensrgy.

OBJECTIVES

An electronic digital computer will be programmed to simulate conditions
anticipated at the surface of two unlike materials rubbing togethsr and
gensrating heat, and studies made to determine the thermodynamic charsc-
teristics at the surface and within the configuration selected. Computer
programs will be developed to amalyzs one, two, and three-dimensional con-
figurations; as progress is made, parameters such as lubrication and wear
will be added.

A one-dimensiomal ~onfiguration is used when the temmerature giadient is
one-dimsensiomal or can be represented as one-dimensiomal with insignifi-
cant error, The transient temperature can be determined for rubbing sur-
faces and surfaces exposed to cooling media, Consequently, the one-
dimensional program can be used to approximate: (1) the surface tempera-
tures of dry clutch and brake systems; and (2) the temperature distributions
in lubricated or liquid-coolad configurations at regions remote from cool-
ing fluid grooves, where one-dimensionsl analysis applies,

The two-dimensiomal program is developed primarily to amalyere cooling
fluid groove s;ape and thin film cooling. The two-dimensiomal physical
model represents two rubbing surfaces with & metwork of cooling fluid
grooves, With this configuration, the cooling fluid groove will be varied
in size to determine an optimum cooling fluid area to bearing area ratio
and groove sisze

Fimlly, a thres-dimensions]l configuration, incorporating the experience and
technique gained in ons and two-dimensiomsl srmalysis, will be developed to
amlyse thermodymamic characteristics, cooling fluid dymamics, wear ohsno-
mena, and lubrication of rubbing surfaces. Emphasis is nlaced on clutch and
brake systems; however, ths programs developed are applicable to any problem
area vhere surfaces rub or are exposed to cooling fluid.




The ultimate goals of this study are to:

1. Provide design criteria to develop cluich and brake systems
applicable to ths present day and future generation high-rapacity aircraft
launcher and arresting systems,

2, Develop a method of predicting transient temperature distributions
at the surface and within two materials gemsrating heat by rubbing together.

3. Examine ths mechanism of wear and develop a criteria for preaicting
wear based on surface pressure, temperature, and relative motion of the bear-
ing or contacting surfaces,

4. Examine the effects of various cooling and lubricating fluids and
cooling fluid groove design to estsblish an optimum confifwration for mini-
mum wear maximum cooling efficiency.

PROCEDURE

The difficulty anticivated in the solution of the three-dimansional wave

ecquation
VT o« 3T / 3t

advocates the use of numerical methods of solution. Consecuently, the
mathematical model or models used in this study consists of nodal networks
applicable to the forward difference mumerical method, which reduces the
three-dimensioma]l wave equation to the form

(ET-3T) /8§« 2T / ot

Where T, is the temverature of nodes adjacent to the orimary node T
and A & dimensiomal factor.

At nodal points representing surfaces adjacent to cooling media the
Nusselt relation

Ny, = 023 Nee N (%)'/*

will be used, However, during the prelimimary phase of this investigat:on,
a constent Nusselt number and corresponding convection coefficient will be
used. The convection coefficient will be varied over a wide range of values
to determine the effect of this parameter on overall performance.

The unit nodal dimension is selected for proper subdivision of ths cocoling
fluid groove. Tie groove depth is divided into a number of ecual varts and
the length of cne division is used as the unit dimension and thickmeas of
the two-dimensional physical model., The physical model is subdivided into
cubic subvolumes with the length of each side of the cube ecual tc the unit
dimsnsion., The physical oroperties of ths unit cubes are considered cor-
centrated at the geomstric center of the cubic subvolume, and each subvclume
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or rode is connscted by a heat transmission path whose resistance to heat
fiow is related to thermal cenductivity k, area normal to flow direction A
and distance between nodes L by the relation,

R = XA/L

The time increment over which thermal change occurs is not an arbitrary
parameter and must be related to the nodal dimension such thet psrticular
coefficients in the equations describing nodal tamperatures are positive or
sero, Consequently, the time increment selected must be computad for each
unit nodal dimsnsion used and is not an independent variatle.

SUMMARY OF PROGRESS
A. Ope-Dimensiopsl Oystem

A prelimimary investigation was conducted tc determine the effect of
node size variation and violation of the condition imposed by the PFourier
number, The transient temperature distributions were determired for a
ons~dimengsional system consisting of a thin 0.120 inch long rey of material
imbedded in a perfect insulatcr, and having a hsat source at ons end as
shown by Figure 1,

To determine the effect of node size variation, the material ray shown
on Figure 1 is divided into ten and twentv subvolumss, and the transient
temperature distribution computed for each cenfiguretion. The temperature
dietributjon _fter .1 and .6 seconds with a constant hesat imput of 1,036,000
BTU/hr/ft< for nodal dimension of .0005 and .001C feet are shown on Figure 1.
It is concluded from the results of this study that, in this case, node si:ze
variation has insignificant effects on temperature distribution,

A study was conducted to determines the effect of exceeding the time
incremsnt imposed on the program by the Fourier modulus, For ths configure-
tion shown a modulus of .© or less was required. Ths temperature at node 1,
the surface node, is computed as a function of time using moduli of .43,

.55 and .59 and plotted on Figure 2, The results indicate that thes Fourier
modulus restriction i= a critical factor and care should bs exercised in
studies of highar dimer=ion Lo ensure that the imposed conditions are
satiafed.

The one-dimsnsioms] preogrem {s expanded to amlyse two surfaces rubbing
together by adding, to the existing ome-dimsnrsiom! configuration, a mirror
image ray of material vith different physical croverties, resulting in lhe
configuration shown by Figure 3. Node 1 of the resulting configureation is
composed of two d{fferent ¥ . iels and &« hsat source. The hesat rate his-
tory and corresponding temprera‘ture history are also shovn on Figure 3., The
transient tempersture distribution as a function of penetretion deoth ‘s
shown by Figure 4.

Frorm ths resulte presented, it i{s concluded that the orm-dimensioml
program for amalyzing the thermodymmic charscteristics of two surfaces {s
complete, and an attempt to correlate calzulated values with test data will
be initiated as part of ths next ohase of thia study,
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B. Two-Dimensiopal Svatem

Since this atudy was initisted orimarily to analyze friction discs used
in high capacity clutch and brake designs, emphasis will be directed *toward
this area, A orototyme of a tynical clutch or brake system, shown schuema~
tically by Figure 6, is available for testing, and a two-dimensional model
is constructed to facilitate analysis of this system., A section of t.e
clutch vlate shown by Figure 7 is idealized on Figure 8, and the two-dimen-
sional physical model, shown by Figure 5, is taken from the shaded region
of Figure 8,

Farly in the two-dimensional programming ohase, it was found advan-
tageous to construct the mathemtical model in a one and two~dimensional
array. The one-dimensional array is used to describe the thermodymamic
characteristics of the surface that is in motion relative to the cooling
fluid grooves. By virtue of this motion the ncdal position is continually
changing, and an averaging process is indicated for amalysis of tempera-
ture distribution associated with the moving surface, To this end, the
temperature of all nodes in the KL+l layer, shown by Figure 9, are computed
with ths two-dimensional array then averaged. The average temperature is
the» used as the tamperature of the first node in the one-dimensiomal array.

For a complete amalysis of the two~dimensional system the IBM 1620
scientific computer is impractical and a computer with larger core capacity
must be used. A limited version of the two-dimensiomal program was am-
lyzed with the 1620 computer and found to be in working order. Conversicn

of thes program for the larger computer is readily accomplished and will be
completed in the near future.

C. Ihree-Dimensional System

The three-dimensional program is an extension of the two-dimensioml
program, Develoomsnt of the three-dimensional program will be in stepa of
increasing flexibility and complexity., The first three-dimensional program
will be designed to determine the transient temperature distribution, using
a constant Musselt number at the fluid boundries. A second vrogram will
add to the above amalysis ths effects of fluid dymamics and groove design,
Fimally, the mechanism of wear will be included in the final amalysis, and
the amalytical results of all parameters compared with empirical resuits,

The three-dimensional program is in the rrelimimary development phuse
and completion of ths prelimimary program is related to progress of ihe
two-dimensioml program results.

The problem of relative motion between the steel and grooved bronze
discs is present in ths three-dimensiomal case, and a method must be de-
veloped to include relative motion as was dons in the two-dimansional case.
To this end, the physical thres~dimensional mathematical model is divided
into a one, two and three-dimensioms]l array as shown by Figure 10, The K
layer notion used in the two-dimensi{onal model, shown by Figure 9, is used
to describe nodal locations ir horizontal planes. Each layer is then




divide i inte a erid er matrix of 1 by J subdivi. icns, and the laver: are

ttereby reduced to a network of cubic subvolumes which are readilv reducei
to a three-dimensional nodal network. Individual nodal temperatures are
described with the three-dimensicnal matrix notation T(I1,J.¥).

The temperature of the moving surface is computed by combining the
KI+1 layer with the three-dimensional array am using standardi inree-
dimensional methods. The temmeratures of the ¥L.+1 layer e then averaged,
and the averape temnerature is used as the temperature cf the first node of
a om~-dimercsicnal array,

D. Wear

When consideration is piven to surface roughness on a microsconic level,
the material surface is not well defined. The surface is comocsed of a
large number of asmerities or rrotuberances, and the actual! surface bearing
area ranges from zerc to the anparent area as oressure is annlied, “hysi-
cally, only a small area is on contact and considerable lccalized nressure
is anticinated. It is theorized that the bearing asverities are nlastically
deformed and are free to move on surface without apparent damage, This
asperity motion could possibly be used to describe friction, and when an
adequate theory is develored irformation available on friction forces could
be used to substantiate the theory., The results of a library search leads
to the conclusion that a statistical annroacn would best be suited to des-
cribe wear baced on asverities,

E. Future Plans
1, Comnlete two-dimensicnal heat transfer rrogram,
2, Develop three-dimensiomal hsat transfer progran,

3. Incoroorate lubrication and wear theory in three-dimensiomal heat
transfer orogram,

4. Undertake ontimization studies (as ncted herein! of cluteh ani ~rake
confipuration.







DYNAMIC SYSTEMS BEHAVIOR DURING CATAPULT OPERATION

N, GOODIS

BACKGROUND.,

The need to define accurately the performance of newer
generation catapults requires improved theoretical anag quan-
titative definitions of the complex dynamic behavior of aircraft
crused by interaction of aircraft with the launcher, matting,
and soil subgrade. Soil and matting elastic and roughness
characteristics, interacting with aircraft and catapult tow
force his:ories, produce complex zircraft dynamic behavior,
which must be described accurately to define structural and
s*ability characteristics of aircraft during launck. To obtain
the optimum catapult design, a mathematical theory of interaction
b .ween the aircraft ard soil matting combination must be dev-
eloved *o define quantitative effects of the soil matting inter-
act 2 on aircraft stability and structure.

Thi. nathematical theory will apply also to less complex
sitnations involving aircraft and soil matting interaction
without the catapult, under taxiing and take-off conditions.

OBJECTIVE.

Once the basic motion equations of a complex dynamic system
are determined. along with their auxiliary kinematic and
coupliag equations which would allow dynamic interaction and
geometric coupling, the question of method of mathematical
solution and cumerical methods in computer programming is of
utmost importance. Previously, dynamic systems have been of
moderate compiexity or purpcrsefully simplified, and selection
mathematical and computer methods was not overly difficult.
These systems, by nature of their mathematical solution, were n.:t
capable of higher mode vibrations, so that inefficiencies in
numericael methods were not detrimental to the computer solution
time for a prescribed accuracy. The systemswere, in general, of
a low frequency nature and dynemically uncoupied so that they
could be treated as isolated events. When existing numeri.al
methods are applied to a complex dypamic system and approximate
solution time extrapolated, it becomes evident that method
‘nefficiencies not only account for hours of additional computa-
tion time and undue cast but also produce mathematical insta-
bilities that iuavalidate the solution.

It is unlike.y that a general method of soiution can be
found for complex dynamic systems that wouid fulfill the
requirements of optimizsd computer soluticn time and accuracy.
It is necessary, therefore, to cesiablish separate sclution
methods for individual components, and modify these methods to
account for dynamic coupling. The general scheme is solution
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of representative sections of the system that reflect dis-
tinctive dynamic characteristics by applying selected mathe-
matical and computer methods that will allow immediate optimi-
zation of computer solution time and accuracy. It is doubtful
that the "best'" method can be found after a brief study; how-
ever, a significan: achievement would be to develop a feasible
method that would allow complex dynamic system investigation
while constant improvement of mathematical and computer methods
is attempted.

Capabilities and techniques developcd in this research effort
would greatly advance the stability and structural understanding
for both shipboard ard land-based launch operations. Practical
application of these knowledges would permit:

a. Definition of safer launch operations for both stability
and structural considerations.

b. Redesign and improvement of existi:ig launch systems to
improve both characteristic features.

c. Develop criteria for needs of refurbishing launch sites
and matting installation.

d. Auxiliary studies to describe instrumentation behavior
on the aircraft to properly correlate test results with theory.

e. Aircrait ground matting phenomena interaction studies
to provide an improved definition of present power spectrum anal-
ysis techniques.

ACCOMPL ISHME..TS.

The study was conducted in the following phases:
(1) literature search and error study,
(2) synthesis of theory;

(3) development of computer numerical methods and
programs; and

(4 correlation of mathematical model performance with
test and -R&D catapult performance.

1. .Literature Sexxch and Error Study.

a. Literature Search. The literature search revealed that
the "State of the Art” ol numerical analysis is at a saturated
level; in that the new advances in the field are actually sophis-
tications and combinations of previously established methods.

A large proportion of the work of interest has been solution of
differential equations by approximate numerical methods and taib-
ulation of results for accuracy and stability. The d:fferential
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equations investigated were linear with constant coefficients
and therefore capable of integration in closed form. Exact
mathematical solutions were used for comparative purposes.
While this work is useful from an academic viewpoint, the
complex dynamic system under consideration cannot be defined
in this manner.

It is unfortunate that the formal mathematical methods
presented in the literature, mask understanding of the physical
problem needed to allow anticipation of system complexities
and subsequent effects. The matrix technique of solution of
dynamic system equations typifies this by obscuring the physical
problem in influence or elastic coefficients  While numerical
solution is important, an equally important aspect is the
"insight" into the mechanism of the problem.

The computer techniques developed in the literature
are direct translations of the methods of numerical analysis
into efficient computer language. While some programming
techniques may be useful, the existing computer programs cannot
be used for the reasons stated above. It is necessary, there-
fore, to use the literature as a loose guide and to establish
independent methods for mathematical solution and computer
programming.

b. Error Studv. 'The criteria for selection of the best
method for solving this complex dynamic system is cptimization
of computer solution time and accuracy. Secondary consideration
is given to adjusting methematical methods t> computer storage
capacity.

The dynamic system under consideration is defined by
second degree non-linear, ordinary or partial differential
equations with variable coefficients. Because equations of
this type cannot be integrated in closed foirm, an exact mathe-
matical solution cannot be obtained. It is necessary, therefore,
to generate an "exact" solution that can be used to judge the
accuracy of the solutions obtained from the mathematical methods
to be developed.

The "exact’” solution generated must have a minimum
error. Literature shows that error criteria is lacking in theory.
and error type magnitudes caun be misleading in that they vary
for the type of problem evaluated and the coxputer used.

Errors are classified into three categories:

(1) truncation

(2) round off

(3) inherseat




Truncation error is wusually expressed as a factor
of the function, and Is the magnitude of the highest order
term neglected.

Round off error is associated with the last significant
digit that is retained by the computer. It is impossible to
determine the magnitude of this error by deterministic means,
the cnly solution being of a statistical nature.

Inherent error is a combination of error generation
by the process itself or the function. The process generates
errors due to previous erroneous information which is used to
predict new information. This is araloguus to electrical feed-
back. The function will generate errors due to non-analytical
points (Ex. coulomb friction).

3ince the round off and inherent error are elusive in
their evaluation, it seems safest to generate an "exact'" solu-
tion on the basis of the truncation errcr only.

The Taylor series is selected for this purpose since
its accuracy in the neighborhood of the origin is determipable.
It has the general form:

f(a + x) = fa) + (x - a) £ (a) + X ~aF ¢, . (x - a)? ¢M
N —mr

The last term omitted in the series will be classified
as the truncation error. Since the origin may be shifted from
interval to interval, as (x - a) approaches zero for a given
number of series terms, a mean deviation or change in the system
should approach zero also,

2. Synthesis of Theory.

a. Dynamic System Model. The general method of solving
the dynamic equaticns which describe an aircraft and associated
launching equipment, is applied to both shipboard and shore-
based systems, when applicable components are selected for
system analysis. To define adequately a system and its inter-
acting dynamic characteristics, each component must be modeled
in a sufficient degree of freeuom to produce accurate response
to parametric influence. A generalized dynamic system model
will be composed of the following components:

(1) Dynamic model of aircraft in six degrees of frcedom;
pitch, roll, yaw, laterial, longitudinal and vertical motions.

(2) Dynamic model of launching dolly in five degrees of
freedom; same as aircraft with omission of roll motion.

(3) Dynamic model of matting-soil system.
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(4) Dynamic model of catapult with multi-degree of
freedom cable dynamics.

The above components would be dynamically interrelated
to proauce singular or resonant type dynamic histories.

b. Classification of Dynamic System Corronents. As a
model of all system components would be unnecessSary for an
initial system dynamic analysis, only those components con-

ributing principally to the high and low frequency dynamics
were selected for mcdel synthesis. This model, composed of
these principal components, is adequate for proper system
mathematical definition and development of numerical methods
for use in programming. When the feasibility of this analysis

scheme is demonstrated, the complete system model will be
developed.

The frequency spectrum is divided into high and low
bands. The high band includes the bridle and hcldback members
of the aircraft attachment system, matting-soil system, tow
cable system, instrumentation (accelerometers), and aircraft
landing gear systems. The low band includes the catapult
system and the aircraft system.

(1) Low Frequency Components. These system components
may be sub-divided Into two categories exhibiting distinctive
characteristics:

(a) Corrective Dynamics. Here, there is a dynamic
motion that exhibi¥s a corrective nature resulting from a pre-
dictable process. This is accomplished by a low estimation at
a dynamic interval, which in turn produces a higher estimation
at the following interval and vice versa. This results in the

following type curve:
c»t;_(/,‘

TRUE

(b) Non-Corrective Dynamics. Here, there 1s a
dynamic motion that exhibits divergent characteristics resulting

from an unstable analytical solution. The error generated is
accumulative, and the deviation increases with solution time.
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This divergent system is typified by the
alrcraft in yaw, which is influenced by lateral tire force
of a non-linear nature.

(2) High Frequency Components. These system
corponents may also be sub-divided into two categories exhibiting
distinctive characteristics:

(a) Distributed Mass. This is characterized by
the tow cable system. Since the cable media can be excited by
a high frequency component, the frequency response must be
allowed for analytically. This can be accomplished by a dis-
tributed mass technique in which the inertial characteristics of
the system is maintained.

(b) Lumped Mass. The characteristics of these
systems are low inertia and high frequency. While the inertial
characteristic can be adequately described by the consideration
of concentration or omission, special methods must be used to
preserve the vibrational integrity. These systems are typically
classified by the bridle and holdback members of the aircraft,
aircraft landing gears, and matting-soil systems.

3. Deveiopment of Computer Numerical Methods and Programs.

2. Numerical Methods. Solution of the general equations of
motionr whIch take tae form of second order non-linear differential
equations, is classified typically as an initial value problem.
This type problem can generally be solved by two numerical methods-

(1) Generatiorn of a mathematical series that describes
the dynamic process. By direct substitution at suitable inter-
vaés, a gime history evolves. This is of the form y = a + bx +
cx” + dx” + ..... This is a complete polynomial approximation
and is valid for dynamic systems of small displacement only.

(2) Prediction of unknown dynamic points by polynomial
approximation through known pivotal values.

xXe, -
*‘;'/"T

|

|
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Relation of the variations and modifications of these
two basic methods is beyond the scope of this project,
However, a basic method is used with deviations as necessary
to satisfy the characteristics of each particular protlem.

The initial series of numerical metlhods investigated fall
in the category of function approximation. A function can be
apprcximated by passing a polynomial through known pivotal
points. The future value 18 assumed to lie on the curve
generated by the previous values of the function. Subsequent
integration is performed in accordance with the degree of
the function assumed. The integration error will depend upon
the deviation of the polynomial approximation from the true
function for the finite time differential.

Polync 'als of degrees one to three were considered for
function g.neration. The functions operated on are the
first and second derivatives with respect to time, velocity,
and acceleration,

For a general nth degree polynomial (n + 1), pivotal
points must be known to predict a future value. The values

for formulas below are for equally spaced intervals. The
redicted values for the polynomials are in general form:

n = degree of polynomial

Yn + 2 = Ay, .1 +Byn +Cyp .1 +Dypn - 2

Polynomial
Degree A B C D
) 2 -1 0 0
2° 3 -3 1 0
3° 4 -6 4 -1

The subsequent integration is of the general form:

1 1




Polynomial

Degree A B C D
1° 1/2 1/2 0 0
2° 5/12 8/12 -1/12 0
3° 9/24 19/24 -5/24 1/24

A general type sub-program was devised which allowed for
maximum flexibility in polynomial approximation. The program
permits selection of derivative order to be extrapclated, and
also selection of the polynomial degree. Initial pivotal
points for the polynomial approximation are controlled by an
iterative process. Their exactness 1s controlled by either
a tolerance on the function itself or a predetermined number
of iterations.

b. Programs.

(1) Generalized Aircraft Description Program.

(a) Pitch Plane. The aircraft is described in
two rigid modes -~ vertical translation and rotation. The
airframe is considered to be rigid. The landing gears are
treated as standard oleo pneumatic shock struts. The dynamic
analysis considers hyd-aulic friction forces, which can be
adequately represented by a non-linsar dashpot, non-linear
spring, and coulomb damping. The unsprung mass represents the
strut and tire-axle assembly. The tire deflections are repre-
sented by a non-linear spring constant. This complete assembly
is elastically connected to a rigid air frame coupled by a
linear spring constant.

\JRFRANE

A WA |

k1 Structural spring constant

K1 ko oleo spring constanrt

m c oleo viscous damping

f coulomb damping
) c m; oleo housing mass
f my unsprung mass (oleo, tire
wheel)
ma ki tire spring constant

El{s
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This representation is adequate to describe
dynamic actions that result from forcing functions produced
by surface roughness of a static or dynamic nature.

The generalized aircraft pitch motion was
programmed for a digital computer and preliminary series of
computer studies were initiated. An aircraft in launch was
exposed to surface conditions at zero roughness, and also to
a measured survey roughness that was favorsble utilizing the
criteria of the power spectra method. Thess computer studies
showed no adverse results, and the gear motions and pitch
angle of attack were not excessive. A typical resuilt is
shown in Figure 1.

To investigate more intensified dynamic
landing gear action and also stability of computer technique
and mathematical stability, a ten foot wave length of two
inch amplitude was imposed during the aircraft launch. The
results are shown in Figure 2. A quasi-dynamic matting-so:l
system was used in the above analysis to account for load
deflection characteristics.

The generalized sub-program of integration
technique has been written and programmed for this section
of the system, and investigations are being made concerning
the stability and accuracy of the highly vibratiag landing
gear system.

(b) Yaw Plane. Initial studies, utilizing
mathematical methcds described, were applied to the aircraft
model in a yaw plane. This system, under the environment of
a vibratory landing gear load history, produces a resonant
type instability or escalating yaw angle history. This
system is further complicated by a non-corrective integration
characteristic which accumulates the error of integration.

This characteristic can be seen in Figure 3,
Curve B, which exhibits a rapid rate of yaw angle escalation.
Utilizing a polynomial approximation under the same time
differential, and the same computational time, curve A was
generated. The dynamic values agree to within 6 significant
figures with results obtained utilizing the method that was
used to generate curve A, but with a time interval reduction
of 1/100. The final result was a six significant figure
accuracy with a computational time reduction of approximataly
20 to 1.

Since the yaw studied was a duplication of
an actual launch, a small initial displacement angle was
imposed. In order to verify the numerical techniques, a
series of compu.er studies were made with an initisl dis-
placement angle of 10 degrees which would correspond to a
large displazcement system. Comparative results were obtained
for solution time and accuracy.

- 06~




(2) Aadditional Programs.

Dynamic coupling of the aircraft in the pitch
and yaw planes of m>ticn are being programmed for a digital
computer. This coupling is achieved by a series of sub-
programs with control options that would allow a mode to be
either coupled or uncoupled. Addivional flexibility is
achieved by the predetermined selection of mathematical
technique for each characteristic dynamic member o). the com-
posite system.

Investigations into computer techniques were
macde for the tow cable system. Utilizing previous work that
allows for mass distribution criteria, a series of computer
studies were made with techniques that minimized errors in
significant digit arithmetic., A satisfaciory method of
solution was obtained that allowed for minimum error and
mathematical stabili*  of the system. The criteria for mass
distribution was raver.fied.

FUTURE PLASNING.

1. Numericel Methous. Further investigation of the stability
of in¥ggration ard optimizaticn of sofution time-accuracy will

be m:.de, utilizing .:ther numerical methods which can be class-
1fied as:

a Semi-iterative -~ predictor-corrector,
b. Iteyutive.
¢. Furctiion prediction utilizing a prior error history.

2. Synthesis of Complete Lauvcch System, Each dynamic
compJinent of the system will be developed a-.d programmed for
a digital computer. The system wil, be flexible in that any
combinatior can be dynamically coupled. Each section will
operate independently with respect to its most efiicient
solution technigue.

3. C(Computer Technique. Development of computer techniques
needed for efficieat and flexible operation of programmed
componertis.

4. Matting-Soil System.

a. Synthesis of dynamic model ut:ilizing wave form genera-
tion.

b. Investigation of psrametric effccts of:
(1) Soil variations.

(2) wWater leakage.
- )




(3) Soil erosion or dagenersation.
(4) Runway roughness variations.

Cable dynamics studies inte non-linear damping and
elasticity characteristics

Correlation of mathematical model to test results.

Continued effort to accomplish previously specified
objectives.
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MISSILE LAUNCHING CONCEPTS FOR DEEP DEPTH OPERAT ICNS

E. T. BUTKIEWICZ

BACKGROUND.

The participation of the Naval Air Engineering Laboratory (SI)
(NAEL(S!)) in the Advanced Sez-Based Deterrence (ASBD) Long

Range program has been documented in publications (references

1l thru 7) encompassing the four year period from 1960 to 1964.
Authorization has been under reference (8) up to the 1964 Summer
Study Prograx (Project SEABED), as ccnvened during June-July 1964
at the U. S. Naval Postgraduate School, Monterey, California.

The NAEL(SI) efforts were directed toward obtaining as much timely
information as possible to provide the Study Group with technical
inputs for ASBD missile launching systems evaluation. At this
point, NAEL(SI) tasks were terminated.

In an attempt to bridge the remaining gaps, this project has been
initiated under the Fo.ndational Research Program. Phase I of
this effort, as reported here in a preliminary manner, involves
(1) the investigation of current literature to determine the
{easibility of pursuit (FOP), and (2) the formulation of program
objectives to be fulfilled wicthi.. the Phac2 II time frame.

OBJECTIVES.

l. To determine the FYOP of missile launching systems concepts
for future sea-based deterrence operations, by means of a con-
tinuing literature search.

2. To formulcte the program cbjectives toc be considered witkin
the next phase of effort.

3. To establish the tentative impleamsntation plan for the con-
duct of research for the development of cumputer technig es.

4. To review the program status and oversll data completeness
to determine remaining gaps #nd avoid dupiication of effort.

ACCOMPL ISHMENT 8.

The pioneering literature search efforts well underway prior to
the construction of a realistic feasibility study is uvaquestion-
ably extensive. A bioad base has been laid during the past five
vears in an attempt to encompaszs all technological inputs directed
toward defiring ithe 1970-era ASBD ¥eapons (omplex. As a result,
over 1,000 reporis, proposals, etc. hsve emanated froam both
private industry and Goveroment activities. Within this period,
the sifting process of several of these publications has been
conducted in an atteapt to determine the oversil program status
and data completeness sc that the FOP of this program may be
establiished.
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In this sifting process of ASBD literature, several noteworthy
aspects stand out. Of the studies conducted elsewhere within
the area of ASBD missile launching systems, the relationship to
previous NAEL(SI) investigations does exist; however, the ana-
lytical approach relationship is not evident. The primary
reason for this omission appears to lie in the intended applica-
tion of these ASBD concepts. Significant departure from the
analytical techniques, therefore, as to be adapted under this
phase of effort, is possible. As a result, the data obtained
from these other studies (for example, solid propellant density,
molecular weight, burning rate exponents, etc.) may be applied
as inputs to the computer programs to be initiated during the
next pbase of effort.

The ASBD missile launching ccncept converged upon at NAEL(SI)
up to the 1964 Summer Study Program (Project SEABED) is termed
the Hybrid Powered Flotation and Solid Propellant Launcher Con-
cept (Variant D). This concept (references 4 and 6) could not
be treated in the detail of some of the other concepts in time
for Project SEABED; however, in comparing the launcher power-
piant sizing characterisiics for this concept, significant
distinguishing features were readily seen. Continued exploita-
tion of this concept for detailed evaluation is necessary to
determine its relative "worth', limitations, sensitivity, etc.,
as a candidate missile launching concept for deep depth (6,000-
20,000 ft.) operations.

As indicated in references 9 and 10, hybrid missile launching
concepts as considered comprise the basic configuration utilizing
the secondary injection of a liquid monopropellant in the launch
cycle. The combined flotation/solid propellant system as envis-
aged here has not been revealed thrcugh this literature search
thus far. Direct contact with several of the key participating
activities would provide additional insight into the methodology
adopted there during their course of study, so that technical
inputs may be derived and updated information obtained. There
are many promising directions, and the logicai cyclic spin-off
will evolve during the next phase of effort.

FUTURE PLANS.

The following plan defines and desnribes the logical implementa-
tion envisaged under the Foundational Researcn Program to be con-
ducted during the period from 1 July 1965 to 30 June 1967:

1. To explore the literature constantly to determine current
state of the art developments for solid propellants and collateral
studies relevant to advanced under-sea missile launching concepts.

2. To exercise the existing Solid Propellant Gas Generator and
Flotation computer programs with updated inputs. An estimated
total of six (6) computer programs is involved.




3. To revise and execute the "Theoretical Launch Performance"”
Solid Propellant Gas Generator (G.G, Mod -6E) computer progran

by incorporating a2 non-iterative analytical technique. This
revision will result in generating a new computer program capable
of faster computer running time, and will serve as the guideline
in the analytical approach for the solid jpropellant performance
porticn of the Variani "D" hybrid missile launching concept.

4. To contact the pertinent participating gzovernmeat and con-
tractor activities through short visits as necessary to obtain
definitive inputs, such as capsuvle/missile weights, solid pro-
pellant density, molecular weight, burning rate characteristics,
etc., to execute the mathematical model computer programs.

5. To incorporate the necessary additions and conversions to
the key computer programs so that compilation and execution may
be performed on the faster, larger-capacity computer equipment
available at commercial data centers on a rental basis.

6. To documeni the computer programs to systemize the orderly
flow of analytical effort to be gpplied in the next stage of
program development.

7. To develop the analytical techniques directed tow..rd develop-
ing the computer programs for the theoretical evaluation of the
Variant "D" hybrid ASBD missile launching concept.

8. To exercise this newly developed program with specific inputs
to arrive &t the theoretical launch history profile. With defin-
itive inputs, a thorough, detailed evaluation resulting 1h. the
measurement of the relestive "worth'" of this concept in comparison
to other candidates may be derived.

It should be noted that the above merely provides the preliminary
planning for this task in order to establish some procedural
criteria, and it is possible that sharp deviatioans therefrom may
evolve during the course of the study as a result of the aany
considerations involved. As a result, recommendatices for program
segmentation into other fundecd programs to provide additional
study requirements may be specified.
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HYDROGEN EMBRITTLEMENT OF METALS AND ALLOYS

WALTER BECK AND EDWARD J, JANKOWSKY

Background.

During the past ten years, many reports on hydrogen embrittlement have
been published, including several generated from the work conducted at
the Aeronautical Materials Laboratory. These reports have dealt with
the mechanism, testing, alleviation, and generation of hydrogen
embrittlement induced in metals by a variety of procedures, Their
content is frequently confusing and sttempts to gather the information
together tave been very limited in scope. A bdook in which the useful
procedures are separated from the ineffective, a critical analysis made
of the various suggested mechanisms, and all the practical aspects of
testing for and minimizing hydrogen embrittlement are set forth, would
be of great value to materials engineere, aircraft designers, corrosion
engineers, and metallurgists,

¥
Objective,.

The objective of this project is to review all the reporte or hydrogen
embrittlement published during the past ten years and present the
information in the form of a book,

Accomplishments and Future Plans.

The project was started in June 1965, All the reports, papers, and
(ther publications on hydrogen embritt!ement are being gathered together
and caraloged for future reference. Work on the section on teeting
procedures will begin immediately after the cataloging is complete,
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